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INPUT CHARACTERISTICS 



PERIOD A 



Channel A, B; each channsi 



RANGE.' 0 to 12CMHz, dc coupled, 

to 120MHZ; ac coupled. 

SENSmVir/ (xl); 25mV nns, <10MHz, 

50mV rm >10MHz. 

DYNAMIC RANGE (xl): 50mV to 5V pk-pk, <20MHz. 

i40mV to 2.5V pk-pk. >20MHz. 
COUPLING: ac or dc, switchable. 

IMPEDANCE: IMO nominaL, shuoted bj? <60pF, 
ATTENUATOR: xl or xl0 nominal, switchable. 

LX3W PASS FILTER: -lOdB at lOOkHz nominal, switchable. 



SIGNAL OPERATING RANGE (xl>? -2,55V dc to -2,55V dc. 



TRIGGER LEVEL: -2.55V dc to +2.55V dc, xl, 

'25.5V dc to +25.5V dc, xlO, 

TRIGGER LEVEL RESOLUTION! lOmV, ,xl, 

lOOmV, xir. 

TRIGGER LEVEL SHTHNC ACCURAO-! 

±(35mV + 2% of setting), xl, 

±(350mV ■f 2% of setting), xli) 

TRIGGER LEVEL SETONG--OUTPUT: via rear panel BNC, 
not adjusted for attenuators. 

•SLOPE: + or - slope, switehable. 

DAMAGE LEVEL: 



xl: . dc=2kHz 25CfV dc 4- peak ac 

2kHz-’i00kHz 5 x 10^' rms^Hz/frequencv 

> 100kHz 5V rms • 



xJD: dc-20kHz 

20kHz'100kHi 

>10QkHz 



250V dc -f peak ac 
5 X 10"V rryi3®Hz,''irequency 
50V' rms 



R/VNGEi 10ns to 10" seconds. 

LSD DISPLAYED: 10ns to 0.1ms. 

ACCURACY: 

±1 LSD ±{Time .Base Error x Period) ± Trigger Error. 



RANGE: 10ns to lOsec. 

LSD DISPIAVSD: (10ns x Period),/Gate Time. 
RESOLUTION: 

,, , (1.4 X TV^er Error -i- 2ns) x Period 

±.t Lbu ± ^ — 

Gate llirie 

ACCURACY: ± Resolution ^(Time Base Error x Period) 
NUMBER OF PERIODS AVERAGED: Gate Time/Period 



RA.NGE: IGns to 10^ seconds. 

■ LSD DISPLAYED: 10ns to 0.1ms. 

ACCURACY: ±1 LSD ±(Time Base Error x Time interval; 
± Trigger Error ± Trigger Tuning Error ±2ns. 

PULSE WTETTH A (Positive or Negative) 

RANGE: lOns to K)" seconds. 

LSD DU5PL.AYED; 10ns to 0.1ms. 

ACCURACY: ±1 LSD ±(Time Base Error x Pulse Width) 
t Trigger Error ± Trigger Timing Error +2n.'>, 

TOTALIZE A 



Channel C (with Model 7751 option) 

RANGE: SOMHz to 1.3GHz. 

SENSITIVITY: 15mV, 50MHz to l.OGHz: 

25mV, 1.0GHz to 1.2GHz; 

;^mV, 1.2GHz to 1.3GHz 
DYNAMIC lU^NGE: 25mV rms to IV rms. 

COUPLING: ac, 

IMPEDANCE: 5CQ. 

DAMAGE LEVEL: 

dC'lOQkHz 15V dc -r peak ac 

>100kHz 5V rms 

FREQUENCY A, B 

RANGE: O.lHz to OOMHz, 

LSD DISPLAYED: (10ns x Frequency)/Cate Time 
RESOLUTION: 

1 \SD ^ Tri^er Error -r 2ns)x Frequency 

G^e Time 

ACCURACY: 

iResoiution ±(Time Base Error x Frequency) 

DIGITS DISPL.4YED: 8 per second of Gate Time, minimum. 



MOOES: Cunuiiative or .A gated by B 

RANGE: 0 to 10** -1 

REPETITION RATE: 120MHz max. 

LSD DISPLiWED: 1 count up to 10*®--!, then 9 most sigmd' 
cant dig, its. 

ACCURACY: *1 LSD 

GATH/DELAY 

INTERNAL GATE TIME; Variable from. lOO^ts to lOsec in 43 
increments, or one period of the input, whichever is longer, 
May be used in Frequency and Period Average 
measurements. 

EXTERNAL GATE TIME: Contmuou.sly variable horn. 100/is 
to IDsec; or one period of the input, whichever is longer. 

EXT’ERNAL GATE DELAY: 10/iS + one period, of the 
input .signal, maximum. 

INTERNAL DELAY TIME: Variable from lOtV to iOsec m 45 
increments. May be used in Period, Time Interval and Pulse 
Width mea-surements. 

EXTERNAL DELAY TIME; Continuously variable from 100, us 
to >1 hour. 

EXTERNAL GATE/DELAY INPUT: Positive TTL signal via 
rear panel BNC. 




FREQUENCY; IOMH2. 

AGING RATE; s5 x W“^/niORth. 

THMPERAruaS; ±5 x K>“"e 0® to 40®C ref 25*C. 

TCXO {with ModgI 7732 option) 

FREQUENCY: lOMHz 

AGING RATE: <1 x lO-’/month, 

1‘EMPERAXURB: ±1 x 10-^ 0 to 4(FC ref 25*C. 

UNB VOIXAGE: <1 x 10“^ for 10% change, 

IEEE488 INTERFACE 

MULTILINE COMMANDS; DCL, LLO, SDC, GET, GTL, 
UNX UNI, SPE, SFD. 

UNIUNE COMMANDS; IFC, MK EOl, SRQ, ATN. 

iNTSmCE FUNCTIONS; SHI, AHl, T6, TEO, U, LEO, SRI, 
PPO, DCl, on, CO, El. 

PROGRAMMABLE PARAMETERS; All front panel corttrob 
(except I^WER) phos Reading Rate, Data Format, Trigger, 
SOI, Termiiiatot, Service Request, Seif Test, Display, Status, 

READING SATES; one shot, normal fS/serond), fast 
(2f;/second), or dump (I'W/seeond), 



DISPLAY; Nine LhD digits with decimal point and exponent, 

BENCH reading RATHS: One shot, or normal (3/seccnd). 

ARMING (TRIGGER); Each channel is amied by it's ov/n 
signal; or RESET button or EXT ARMING input when in one 
shot (HOLD) mode. 

ARMING DELAY: '^fis in Frequency and Period Average; 
iDgs in Period, Hme Interval and Pulse Width. 

EXTERNAL ARMING INPUT. Positive edge TTL signal via 
rear panel BNC. 

EXTERNAL TIME BASE INPUT: lOMHz TTL signal via rear 
panel BNG 

TIME BASE: OUT: 2V minimum @ lOMHz, lOOfl output resis- 
tance, via rear pane! BNC. 

GATE: LED Indicator lights when gate is open. 

WARMUP: 2 hours to rated accuracy ar;d stability, 

OPERATING TEMPEKAIXIHE: 0^ to 40"C, 0% to 80% relative 
huuiidity. 

STORAGE TEMPERATURE: -25'^ to 65^C. 

POWER: 103-125V or 2Y3-250V (rear panel switch selected), 
5 O- 6 OH 2 , 35VA max, 90-1'UTv avadabie. 

DIMENSIONS, WEIGHT: 127mm high x 215mm wide x 
359mm deep (5"x 8*/(i"x 
Net weight 3.5kg (8 lbs). 



Speciticiuions subject to change without notice. 
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35mV 



35mV 



TImi? Bagig base error is the maximum frac- 

tional frequenc/ change in the time base frequency due 
to all errors (e.g. aging, temperature, line voltage). 

TVIfiger 6rrQf«~ 

ej2 -f 

Input Slew Rate at Trigger Point 
Where: 

sj i.«5 the RMS noise voltage of the counter's input channel 
(250uV typical). 



Trigger 



Input Slew Rate at Start Input Slew Rate at Stop 
Trigger Point Trigger Point 

Arming (Trigger) Delay— External arming delay 
is the time from the positive going slope of the arming 
signal to the internai gate open signal. 

External O.&W OsSay—Extemal gate delay is the time from 
the positive going slope of the gating signal to tire mtcr' 
Hill gate open signal 



Crt is^the RMS noise of the input signal for I2OMH2 
bandwidth. 

tSD-“Unit value of thf least significant digit, Calculations 
should be rounded ss follows: 1 to UHz becomes IHz, 
l.insec to ibnsec becomes lOnsec, etc. 




1.1 INTRODUCTiON 

The Keithley Model 775 Programmable Couhter/Timer is 
a nine digit, microcomputer based, fully programmable, 
universal counter/timer. The Model 775 measures with 
high resolution the following parameters: 

® Frequency A 
« Frequency B 
e Frequency C 
s Period 

« Period Averaged 

« Time Intervals A — B 

« Pulse Width (positive or negative) A 

The Model 775 has an 14mm (0.56 in.) LED display. The 
display consists of 9 digite with an additional digit for ex* 
ponent. The buEt-in interface makes the instrument fully 
programmable over the IEEE-488 bus. 



The Model 775 contains a programmable trigger level that 
allows additional flexibility in measurements over the bus 
(e.g. measuring rise and fall time with trigger points other 
than 10% and ^%), Gate time is programmed in 46 steps 
from lOO.ttsec to lOsec or external from the front panel or 
over the bus. 



1.2 MODEL 775 FEATURES 

Dual Channel Capability— Dual channel capability with 
two similar channels up to TlOMHz. 



Trigger Delay Channel B—This feature is important for 
some channel A B time measurements, 

True DC Coupling—Allows the Model 775 to do channel 
A “* B naeasureinents. 

Reciprocal Techr\ique— This counting method provides ad- 
vantages over all traditional counters from DC up to the 
dock frequency (lODMH?.)- The constant relative resoiu- 
lion (8 digits/second independent of input frequencv) 
makes it even more useful for low frequency applkalions. 



1.3 WARRANTY INFORMATION 

’Warranty information may be found on the inside front 
cover of this manual. Should it become necessary to exer- 
cise the warranty contact your Keithley representative or 
the factory to determine the proper course, of .action. 
Keithley Instruments maintains service facilities the 
United States, United Kingdom and throughout Europe, 
Information concerning the application, operation or .ser- 
vice of your instrument may be directed to the applications 
engineer at any of these locations. Check the inside rroni: 
cover for addres,ses. 



1.4 MANUAL ADDENDA 

Information concerning improvements or change.? to the 
instrument which occur after the printing of this nunuiai 
wdli be found on an addendum sheet induded with this 
manual Be sure to review these changes before attemp- 
ting to operate or service the insfrument. 



Full Programmability— Full programmability of all func- 
tions and modes including different SRQ masks and chan- 
nel selection. 

High Frequency Option— HF-option adds a third measure- 
ment channel for frequencies up to IGHz, 

High Resolution— A lOOMHz clock rate, along with the 
latest technique In frequency counting (reciprocal techni- 
que), provides the high resolution of 8 digits.^second or iHz 
out of a lOOMHz input signal. 



1.5 SAFETY SYMBOLS AND TERMS 



The following safety symbols and terms are used in this 
manual or found on the Model 775. 



The AiA symbol on the instrument denotes that the user 
should refer to the operating instructions in this manual 



Tlie WARNING used in this manual explain? danger? that 
could result in personal injury or death. 



:N£BAi. INI 



The CAUTION used in this manual explains hazards that 
could damage the instrument. 



1,6 INSPECTION 

The Model 775 was inspected both mechanically and elec* 
thcaliy before shipment. After unpacking all the items from 
the shipping carton, check for any obvious signs of 
physical damage that may have occurred during transit, 
Report any damage to the shipping agent. Retain and use 
the original packing materials in case resbipment is 
necessary, The following items are shipped with every 
Model 775. 

Model 775 Programmable Counter/Timer 
Model 775 Instruction Marmal 
Additional accessories as ordered. 

If an additional instruction Manual is required, order the 
manual package (Keithiey part number 775-901*00), The 
manual package includes an instruction manual and any 
applicable addenda. 



ivlodei 1019S Slide Rack Mount— The Model 1019S is a 
sliding rack mount kit that allows the Mode! 775 to be rack 
mounted with the added feature of sliding the instrument 
forward for easy access to the rear panel and top cover. 

Model 70(?7 IEEE-488 Shielded Cables-The Model 7007 
connects the Model 775 to the IEEE-488 bu-s using shield- 
ed cables to reduce electromagnetic interference (EMI), The 
Model 7007-1 is one meter in length and has an. EMI shield- 
ed IEEE-488 connecdOT at each end. The Model 7007-2 is 
identical to the Model 7007-1, bur is two meters in length. 

Mode! 7008 IEEE488 Cables-Tlie Model 7008 connects the 
Model 775 to the IEEE-488 bus. The Model 7008-3 Is 0,9m 
(3 ft.) in length and has a standard IEEE-488 connector at 
each end. The Model 7008-6 cable is identical to the Mode! 
7008-3, but is 1.8m (6 ft.) in length. 

Model 7051 B?4C to BMC Cable— Tne Model 7051 is 1,5m 
(5 ft.) in length and is terminated on each end with a BNC 

plug. 

Model 7751 IGHz Channel C Option— The Model 7751 is 
a factor)’-msta!led option which provides a third channel 
(C) for measuring frequencies between 50MHz and IGHz, 
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MODEL 



* Section 1 contains general information about the 
instrument. 

« Section 2 contains detailed operating information on us- 
ing the front panel corxtrols and rear panel terminals. 

® Section 3 contains information necessary to operate the 
Model 775 over the IEEE-488 bus. 

* Sectior'i 4 contains performance verification procedures 
tor the instrument. This information is helpful if you 

' wish to verify that the instrument is operating in com- 
pliance with stated specifications, 

Section 3 contains a description of operating theory, 

* Section 6 contains information for servicing the Instru- 
ment , This section includes information on line voltage 
selection, fuse replacement, adjustments and 
troubleshooting. 

» Section 7 contains replacement parts information, 



Model 7752 TCXO— High Stability Crystal Oscillator 
Option-T'he Model 7752 is a factory-installed TCXO-high 
stability crystal oscillator that offers improvement over the 
standard time base, relative to aging and temperature 

Model 7754-3 BNC to Alligator Cable—The Model 7754-3 
IS 0,9m (T3 rVj in length and is terminated on one end with 
a BNC plug and on the other with two alligator dips. 

Mode! 7755 .5QQ Feedthrough Termination— Tne Mode! 7755 
IS a BNC to BNC adapter for terminating RG 58 cable in 
its characteristic impedance. VSWR <1,1, DC -250MH/.. 




8NC BNC 

PLUG JACK 



The following optional accessories are available to enhance 
the Model 775 capabilities. 



Model 1019A Pb®d Rack Mount— The Model 1019A is a sta- 
tionary rack mount kit that allows the Model 775 to be 
mounted in a standard 19 inch rack. 






2.1 (NTRODUCTION 



Model 775 operation is divided into the two general 
categories: basic bench operation, and IEEE-488 operation. 
Basic bench operation which is covered in this section, con- 
sists of using the Model 775 to perform basic frequency 
and time measurements, IEEE-4.88 programming can also 
be used. These aspects are covered in detail in Sections 
3 and 4, A layout of the fron.t and rear panels of the Model 
775 are shown in Figures 2-1 and 2-2 respectively, includ- 




ed is a. brief description of each control, terminal tind 
indicator, 



NOTE 

Any front panel button push or IEEE device- 
depei\dent command (see Section 3) will cause the 
measurement to restart, which will affect, for ex- 
ainple, a measurement of the time from channels 
A to B. 





;-£j FUNCTION GSOUP- 

* FREQ button toggles measurement betwee-n frequency 
at channel A and frequency at channel B. 

® PEI^OD button icsg^les measurement between the 
period A and period average A. 

* 'TIME button toggles masswrement between the time 
interval and pulse width of A. 

5 MODE button places instrument in either the hold, 
delay, both hold and delay, or normal mode. 

IuLj chan C""Meaaures frequencies from 50MHz to IGHz 

through channel C. 

tiJ rNPyr SETTING GEOUF™ 

» DC/AC button toggles instrument between A.C and DC 
coupling of the input signal. 

* SLOPE button todies instrurtient between the positive 
or negative edge trigger. 

* A'ITEN burton toggiesinstrument between the xl and 
xlO input attenuation. 

* FUTR button toggles filter between on and off, 

* LEVEL buttons select the threshold point on a signal 
that the Instrument wiU trigger. 

lU DISPLAY MODIFY GROUP- 

* GATE/DELASf button modifies cUsplsy from nomtAl fre- 
quency (or time reading) to gate time or delay time, 

« TRIGGER LEVEL button ntodihes tlw display to show 
trigger level of both channels A and B. 



® GATE/DELAY time buttons conttoh time 
open, delay of gate closure and number of 

displayed, 

' These buttons increment or decrement the 

lue by one step. 



i 7 ! 

u— — i 



LOCAL— Enables front panel operation. 



Resets display to initiate new measurement cy- 
cle during normal or hold mode operation. 



= CHAN A used when making frequency’ and time 
mea-isurements. 

* CHAN B used when making frequency' and time .A “• B 
measurements. 

« CHAN C used when making high ttequenc/ measure- 
ments up to iGHz with a 5^ input impedance (7751 
option), The shell is connected to chassis ground as 
indicated by the i symbol, 

DISPLAY AND INDICATORS- 

« Display consists of a nine digit mantissa and a single 
digit exponent. 

« Range indicator consist of Hz, SEC, V. Hz is on dur- 
ing frequency measurement. SEC is on during time 
and period measurements, V is on when TRIGGER 
LEVEL button is pressed. 

* Gate indicator blinks at a rate proportional to gate 
time, 

» IEEE status indicators select either remote, taik or listen 
w’hen programming over IEEE'488 bus. 
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CONNECTORS AND TERMINALS- 
^ AC receptacle connects to a three wire line cord 
which provides connection to the line voltage, 
i* IEEE-488 connector is used to connect the instmmerst 
to the IEEE-488 bus, IEEE interface functions are 
marked above the connector, 

« TRIGGER LEVEL OLniPUT connections are used to 
connect the DC voltage level from the trigger circuits 
to an external DI^ or oscilloscope, DC output range 
is marled above the connector. 

* CLOCK com^or is used to output the internal clock 
as a reference to another instrument or to use an ex- 
ternal clock as the Model 775's time base. 

« EXT ARlvflNC & GATE DELAY connector is used to 
receive one ot three signals: aiming pulse, external 
gate signal or external delay pulse. 



LINE VOLTAGE SELECTOR switch selects to.e line 
voltage that the unit 'A'iii operate on. 



IEEE-488 address switches set the primary address for | 
IEEI'-48S bus operation. I 



FUSE provides protection on the A.C power line 







2,2 FRONT PANEL FAMIOARIZaTION 

Ills fror.t panel layout of the Model 775 is shown in Figiire 
2*1. The front panes is generally divided into thi'ee sections; 
controls, terminals, and display and indicators. Tlie follow- 
ing paragraphs describe the purpose of each of these items 
in detail. 



2.2.1 Controls 

All front panel controls except POWER are momentary 
contact switches. Many controls include an annunciator 
light' to indicate the selected configuration. The controls 
are color coded into functional groups for easier operation. 



Front pimei controls may be divided into the following 
functional groups: Function, Input Set-ting, Display Modify 
and Gate.'Ddav Time. 



POWER— d'rie POWER switch controis the A(" power to the 
instrumeni. Depressing and releasing the switch ones 
turns the power on. Depressing and releasing the switch 
a second time turns the power off. 

Funedon Group—The four FUNCTION buttons control the 
type of measurement.' Each button is used to select one 
of two functions. 

FR).-,Q— The FREQ button places the mstruinent in frequen^ 
cv measurement mode. Pressing the FREQ button once 
turns she A indicator on; Indicating the instrument is set 
ior the trequenev A. mode. Pressing the button, a .second 
time. :urn.S' the B indicator on; indicating the instrument 
i.s set .foi the frequency B mode. Pressing of the FREQ but- 
ton roggio.s the measurement between the frequency at 
chanru-i A and frequency at channel B modes. 

PERIOD— The PERIOD button places the instrument in 
period measurement mode. Pre.ssing the PERIOD button 
once turns the A indicator on; indicating the instrument 
is in the period A mode. Pressing the PERIOD button a 
second time, turns the AVG A indicatoron; indicating the 
instrument is in the period average A mode, Pressing of 
the PERIOD button todies the measurement between the 
period A and period average A. 

TIME— The TiMH button sets the Model 775 up to measure 
the time interval benveen channel A and B, Pressing the 
TIfvlH button once turns the A — B indicatoron; indicating 
the instrument is in the time intenml A — B mode. Press- 
ing t'i'ie button a second time, turns the PLS A indicator 
on: in'^icaiing the instrument is in the pulse A mode, 
Pressi.,g of the TIME button todies the measui'ement beh 
ween the time interv'al, A — B and pulse width of A. 



MODE— Press the MODE button once to place the instni”- 
rnent in the hold mode. Pt^ss the RESET button to dear 
the display and take a reading. The reading will be held 
on the display until the RESET button is pressed again. 
Pressing the MODE button a second time, places she 
Model in the delay mode of operation; the instrument 
holds off closure of the gate for the selected delay time. 
Pressing the MODE button a third time places the instru- 
ment in both the hold and delay modes. Pressing of the 
MODE button a fourth time turns the indicators off; and 
places the mstruinent in the normal mode of operation. 



NOTE 

The delay mode is disabled in the frequency and 
period averaging modes. 



FREQ C— The FKHQ C button allows the Model 775 to 
measure frequencies from 50MHz to IGHz on channel C, 
Pressing the FREQ C button turns the C indicator on; in- 
dicating the instrument is set to make high frequency 
measurements on channel C. If the Model 7751 Channel 
C option is not installed, a 'nO C OPT message will be 
displayed for tv/o seconds. 

Input Setting Gitsiip— The six CHAN A pushbuttons cors- 
trol input attenuation, coupling, slope, trigger level and 
high frequency noise suppression. The six CHAN B 
pushbuttons are functionalv identical to the CHAN A 
buttons, 

DC/AC— The DC/AC button selects either the AC or DC 
coupling mode. In default position, the instrument is in 
the DC coupling mode. Pressing the DO AC button turns 
the AC indicator on; indicating the instrument is in the 
AC coupling rnode. Pressing of the DC/ AC button toggles 
the instrument between AC and DC coupling or the in- 
put signal. 

SLOPE-The SLOPE button selects the slope that the 
Model 775 will trigger on. In default position, the instru- 
ment triggers on a positive going edge. Pressing the SIX^PE 
button turns the “ N " indicator on; indicating the in- 
strument will ;trigger on a negative going edge. Pressing 
of the SLOPE button toggles the instrument between the 
positive or negative edge trigger. 

ATTEN— The ATTEN button controls the attenuation of the 
input .signal. In default position, the signal will not be at- 
tenuated. Pressing the ATTEN button turns the xiO in- 
dicator on; indicating that the instrument will attenuate 
the signal b>' ID. Pressing of the ATTEN button toggles the 
instmment betw^een the xl and xlD input attenuation. Note 
that changing attenuation changes the trigger level, (e.g. 
IV digger on xl goes to lOV on xlO). 




FLTR—The FUT< button limits high frequency noise to 
about lOOkHz through a low*pass filter mstalled at the in- 
put terminal In default position, the iow-pass filter is off. 
Pressing the FUR button turns the FLTR indicator on: in- 
dicating that the low-pass filter is on. Pres.sing of the FLTR 
button toggles the filter between on and off, 

LEVEL~The LEVEL buttons select the signal voltage level 
that will trigger the instrument (o.g. start and/or stop the 
measurement inter/ai). Pressing. the T button decrements 
the level by one step. Pressing the A button Increments 
the level by one step. Each step is lOmV on the xl attenuator 
setting or lOOmV on the xlG attenuator setting. Holding the 
level a or ▼ button in for mote than one second^ causes 
the trigger level to continuously move up or down respec- 
tively- Holding the LEVEL A and T button.® .in at the same 
time, causes the instrument to jump to the preset posi- 
tion O.OOV {or 00.0V). 

Display Modify Group— The tYr-o pushbuttons in the 
display modify group modify the display from, normal fre- 
quency (ot time reading) to another reading such as trig- 
ger level, gate time, delay time or displayed number of 
digits. 

GATE/DELAY-The GATE/DELAY pushbutton has two 
functions; When instrument Is in the frequ.ency or pe.riod 
averaged functtons, this button itiodifies the dispiav to 
display the time that the gate remains open to complete 
one cyde. When instrument is in the time interval, period 
A or pulse A function, this burton modihes the display 
to show the time that the closure of the gate delayed 
after its opening. Press GATE/DrXAY to exit. 

Tl^JGGER LEVEL— The TRIGGER LEVEL butmn may be 
used to modify the display to show the trigger iev\^I oi both 
channels A and B, Pressing the TRIGGER LEVEL button 
turns the indicator above the button on, indicating that 
the instrument -s in the trigger level display mode, The 
display will contain two sets of readings (three digits for 
each channel). The three digits to the left on the display 
concern channel A, while the three digits to the right on 
the display concern channel B. Use CHAN A or CHAN 
8 [_evel buttons to modify the values, Press TRIGGER 
LEVEL to exit. 

Display Function—The display function allows the user tc.> 
select the maximum number of most significant digits 
which are to be displayed, In the normal operating mode, 
the instrument will display a maximum of nine digits. The 
minimum number of digits displayed is three. To access 
the dispiav function press simultaneously the 
GATH/DELAY and TRIGGER LEVEL buttons. Select the 
number of digits to be displayed by pressing the 
GATK/DELAY TIME A or ^ button to increment or decre- 



meru the display. To resume normal operation, <iimpiy 
press any other button on the front panel. The instrument 
will display its measurements with the preselected number 
of digits. 

GArF./DELAy TIME-The tw-o GATEiDELAY rJvlE button.^ 
control: the time that the gate is opeir from lOfl^sec to lOsec: 
in 46 steps; the delay of the gate closure from 100/isec to 
lOsec in 46 increments; and the number of digits to be 
displayed in increments of seven. 

GATE/DELAY A, Each time the A button is pressed, 
the gate or delay increments one step. Each time the ▼ 
button i.s pressed, the gate or delay decrements one step. 
If A or ^ button is held in for more than one .second, the 
instram,ent will continuously increment or decrement. It 
the A. and T buttons are held in at the same time, the 
instnament will jump to a preset position of Lee delay time 
or nine digits displayed numbers. 

L’.3er Gate/Delay Function— Information on accessing thi.s 
function will be given later in this chapter. 

'LOCAIj—Pressing the LOCAL button w'hen the instru- 
ment is i.n remote operation (but not in remote (local) 
lockout condition)^ wOl place the instrument in iocal opera- 
tion. Pressing this button when the instrument is aireadv 
in local operation will have no effect on the instrument. 

RKSET— Pres.sing the RESET button during norm.ri eper.,-;- 
tion wiil reset the display and initiate a new mf.'.sfti’aernciu 
cv'cle, When the instrument is in the hold mode of opera- 
tion, pressing the RESET button dears the dispiav and 
-lums the instrument for the next measurement. 



2,2.2 Terminals 

The termintiils are used to connect the Mode! 773 to the 
.signal to be measured. 

Channel A— The CHAN A terminal is used when making 
frequency and time m.easurements. 

Channel B— The CHAN B terminal is used when making 
frequency and time A — B measurements. 

Channel C— The CHaN C terminal is used (•or high fre- 
quency measurements, up to IGHz with a 5011! injiiit im- 
pedance, Although this terminal is always instailed,, tlie 
:internai ciraiitry needed to operate this function is optional 
and may not be installed. BNC shell is connected to chassis 
ground as indicated by the J. symbol. 



2.2.3 Display and Indieatom 

The function of the display and indicators is described 
below, 

Display~The display consists of a nine digit mantissa and 
a single digit exponent. The exponent uses a leading minus 
to indicate negative values. The sign on the exponent 
changes to + for zero or positive values, The dimension 
iS determined by the exponent and the Hz, SEC or V 
indicators, 

Units Indicator,'.— The units are shown by three indicators, 
The Hz indicator is on during frequency measurements 
and the SEC indicator is on during time and period 
measurements.. When TRIGGER LITvn*L button is pressed, 
the V (volts) mdicator turns on. 

GATE ]ndicator~When the instrument takes a measure- 
ment, the GATE indicator blinks at a rate which is pro- 
portional to the gate time. 

IEEE Status indicators— The REMCTTE, TALK and LISTEN 
indicator^; are used when programming the instrument 
over the IHEE-488 bus. Refer to Section 3 for compieto IEEE 
programming information. These status indicators are not 
operational during front panel instrument operation, 



’■'he tilt bail, which is located on the bottom cover of the 
instrument, is useful for elevating the front of the instru- 
ment to a convenient viewing height, To extend, the bail,, 
first rotate it 90~' away from the botton'\ cover and push up 
on the leg to lock it into place, To retract the bail, pull the 
leg-S away from the bottom cover and then rotate the bail 
until it is flush with the bottom cover. 



2.3 REAR PANEL FAMILIARIZATION 

Figure 2-2 shows the rear panel layout of the Model ^75, 



2.3,1 Connectors and Terminals 

AC Receptacle— Power is applied through the supplied 
power cord to the 3-terminal AC receptacle. Note that the 
selected power supply voltage is marked on the rear panel 
above the line voltage selector switch. 



IEEE«4S8 Connector— This connector is used to connect the 
instrument to the IEEE-488 bus. IEEE interface functions 
are marked above the connector. 

TRIGGER LEVEL OUTPUT Connector-These two BNC 
connectors are used to connect the DC voltage level from 
the trigger circuits to an external DMM or oscilloscope. DC 
output range is marked above the connectors. 

CLOCK Connector— This BNC connector is used to out- 
put the internal dock as a reference to another instrument, 
The same input may be connected to an external dock 
reference, To use an external clock reference, the internal 
time base must be set for external operation. Refer to Sec- 
tion 6 for this procedure and proper signal levels to apply, 

EXT ARMING & GATE/DELAY Connector--A BNC con- 
nector which may receive one of three signals: arming 
pulse, external gate signal or external delay pulse. This in- 
put is useful when gate or delay times other than the in- 
ternal times are required or to take one reading with the 
Model 775 in synchronized with other equipment. 




The LINE VOLTAGE SELECTOR switch selects the line 
voltage that the Model 775 will operate on. For informa- 
tion on voltage selection refer to Section 6. 

2.3.3 IEEE-488 Address Switches 

The IEEE-488 address switches are used to program the 
primary, address for IEEE-488 interface operation . The ad- 
dress may be set from 0 to 30. 



2,3,4 Urn Fuse 

The LINE FUSE provides protection for the .AC power line 
input, For information on replacing this fuse, refer to Sec- 
tion 6. 



2.4 POWER-UP PROCEDURE 

The basic procedure of powering up the Model 775 is 
desciibed below, 

1, Connect the female end of the power cord to the AC 
receptacle on the rear panel. Connect the other end of 
the power cord to a grounded AC outlet. 




CAUTION 

Be sure th® power line voltage agrees with the 
Indicated value on the rear panel of the instru» 
ment. FaHu?^ to heed this warning may result 
In Instrument damage. If necessary, the power 
jlr^s voltage may fee changed fey sliding the 
recessed LINE VOLTAGE SELECTOR switch to 
the required voltage position. Refer to Section 
6 for details 



WARNING 

The Model 775 is equipped with a 3-wire power 
cord designed to be used with grounded 
outlets. When the proper connections are 
made, instrument chassis Is connected to 
power line ground, Failurs to use a properly 
grounded outlet may result In personal infury 
or death because of electric shock. 



2, Turn on the power by depressing ana releasing the 
POWER switch or^ the front panel, 

3, The instrument will then begin operation by perform- 
ing a display and indicator test for ohout one second. 
Ail mode and IEEE mdicators will turn on and the 
display will appear as follows: 

8 . 8 , 8 . 8 , 8 , 8 . 8 . 8 . 8±8 



To verify that all display segments sre operating, com- 
pare the instrament's display during the iesc wnth the 
above figure. 

4, Once the test is completed, the instrument w'Ui perform 
ROM and RAM tests. If all these tests are passed, the 
display will show the soffeware revision levei for about 
one second similar to the example below; 

SoFt A.l 



5. Following the software revision level, the instrument 
will display the default IEEE primary address which is 
set by the IEEE address switch on the rear panel, For 
example, with the rear panel switch set to address 23, 
the display will show: 

IE Adr 23 



6. Following these display messages, the instrument will 
go into the normal operating mode and Is ready to take 
readings. The instrument will be in the following 
configuration: 



® Freq A 

^ Gate/Delay Time « iSec 
® Trigger Le’^'^ls = 0.00V 

* Filters; Off 

* Attenuators: Off 
«■ OC/AC: DC 

« Slope; Positive 
« Mode; Normal 
« IEEE Status: Local 
« Displayed digits; 9 

7, If any of the power tests fail, the instrument will lock 
up and display an error message as follows; 

FAtAL Err 1 



it is recommended that the power-up procedim-' be 
repeated several times to verify that a cun.sistent error 
occurs; if so, a problem exists in the instrument. Sec Sec 
bion 6 for troubleshooting information. 

2.5 DISPLAY r^ESSAGES 

The Model 775 has two display messages associated with 
basic front panel operation. One message indicates th,at 
Model 7751 option is not installed, the other that gate tnue 
or delay time are user selectable. Note that the instrur.nent 
has a number of additional display messages a.ssooated 
with iEEE-488 programming. 



2.5,1 Ho Option Message 

llie Model 7751 option must be installed in the instruir.eni: 
before it can measure frequencies through the channel C 
input terminal, if the FREQ C button is depressed .jnd the 
Model 7751 option is not installed, the foilowing message 
will be displayed: 

no C oPt 



NOTE 

There are no additional sottwaro modifications re - 
qui.red after the Model 7751 option. Is installed. 
After the Model 7751 option is installed, the no 
option message will no longer be displayed, 




deration 



2,6 CONTROL SELECTiON 

Selecting the various front panel operating modes Is simply 
a mailer ot depressing, once or twice, the appropriate but” 
ton as described in the following paragraphs, 



2.6.1 Function 

The Model 775 must be set up for the proper measuring 

function with one of the four function buttons. 

1. To measure frequency through the channel A input ter- 
minal, depre.ss the FREQ button. 

2. To measure frequency through the channel B input ter- 
minal, depress the FREQ button a second time, 

3. To measure the period of a signal through the channel 
A input tenTiina!, depress the PERIOD button. 

4. lb nteasure the period averaged of a signal through the 
ijiannei ,A input terrninai, depress the PERIOD button 
a second time. 

5. lb measure time inten,'als from events in channel A to 
events in channel B, depress the TIME button, 

6. lb measure the pulse width of a pulse at channel .A in- 
put ternvinal, depress the TIME button a second time, 
Use the slope button(s) to select the desired portion of 
the input signal. 

7. To measure frequency through the channel C input ter- 
minal', depress the 1%EQ C button. 



2 . 6,2 Selecting Gate Time 

rr,e N.'lodei 775 may be operfhed in the present gate time 
of one second or m one of 46 gate times which are factorv 
selected. When selecting the gate time, the instrument will 
niove up or down one gate time each time the ^ or W 



button is pressed. The present gate time may be noted on 
the display by pressing the GATE/DELAY button. 



Select the gate time as follows: 

1. Press the GATE/DELAY button. The GATE/DEIAY light 
will turn on and the instrument will display the follow- 
ing message: 

GAtE DDD±D SEC 



2. To change the gate time press the GATE/DELAY TIME 
A or T button , Pressing the A button will increase the 
gate time, Conversely, pressing the f button will 
decrease the gate time. Holding in the A or 6u.tton 
for more than one second, causes the instrument to in- 
crement or decrement continuously. 

3. Pressing the A and W buttons simultaneously v^'lll 
change the gate tirns to a preset value of Isec, 

4. To resume normal display operation, depress the 
GaJE/DELAY button. The GATE/DELAY light will turn 
off and instrument will be ready to perforrr! 
measurements with the newly selected gate time, Table 
2-1 lists the gate/delay times which are available. 



It is also possible to change the gate time without observ- 
ing the actual gate time on the display. To do so, simply 
press the GATE/DELAV TIME 4 or T button. Each time 
the A button is pressed, the instrument will increment 
one gate time. Each time the W button is pressed, the in- 
strument will decrement one gate time. Holding in the 4 
or 'f button for more than one -Secorid, causes the instru- 
ment to increment (or decrement) after each measuring 
cycle. 



Table 2-1. Gate/Delay Determination 



100/4sec 


1msec 


lOmscc 


100msec 


Isec 


lOsec 


200fisec 


2msec 


20msec 


200m.sec 


2sec 


User Gate/ 


300/iSec 


3msec 


30msec 


vTOOmsec 


3sec 


User Delay 


400/isec 


4msec 


40msec 


400msec 


4sec 


500/iSQC 


5msec 


150msec 


500msec 


5sec 




fc-OOMsec 


6msec 


60msec 


600msec 


6sec 




/OCwsec 


7msec 


70msec 


700msec 


7sec 




fiOOgsec 


Smsec 


80msec 


800msec 


Bsec 




900iisec 


9msec 


90msec 


900msec 


9sec 






NOTE 

To prevent operator error, there is an internal 
alarm that beeps whenever a limit is reached, 
(e.g. lOOfisec low limit or lOsec high limit), With 
the GATE/DELAY light on, the alarm will sound 
W'hen the users gate is displayed and the A but- 
ton is pressed. Refer to Table 2-2 alarm conditions, 



2.6,3 User Gate Function 

The user gate function is useful when a, gate time other 
than the predetermined gate times listed in Table 2-1 is re- 
quired. The limits which must be observed are the 
minim, um limit of jj30/isec and the maximum limit of lOsec, 
The user gate function is accessible m the FREQ A, B and 
C and Period Averaged functions. To operate the instru- 
ment in the user gate mode proceed as follows; 

1, Press the GATE/DELAY button and observ^e that the light 
turns on and the instrument displays the following 
message: 

GAtE DDD+D SEC 



Tnis display shows the actual gate time that the instru- 
rnent is set to operate. DDD±D SEC may be any time 
from lOOE-6 to lOE+0. 

2, Press and hold in the GATE/DELAY TIME A button and 
observe that the display increments, .After the lOsec gate 
time the instrument will enter the user gate mode and 
the instrument will display the I'oUowing: 

%- 

USEr GATE SEC 

rYessing the A button after the gate is displayed will 
sound an alarm. 

3, the GATE/DELAY button. The light will turn off 
and the instrument will be ready for measurements with 
an external gate time. 

4, Apply a TTL pulse to the rear panel EXT ARMING k 
GATE/DELAY BNC terminal. The high level of the TTL 
pulse width determines the length of the gate time. 



NOTE 

The user gate function may be accessed only 
when the GATH/DELAY light Is on. To exit the 
user gate function press the GATE/DELAY TIME 
^ button. Of both the A and ^ buttons to preset 
the gate time to Isec. 




The Model 773 has a delay function which disables the 
closure of the opened gate for the predetermined periods 
listed in Table 24. This function is very useful in burst 
measurements, relay open/close time measurement, s where 
houncG time should be elimmated or in measurements 
done on a train of pulses. 



NOTE 

The delay mode is accessible only when PERIOD 
A, TIME A — B or PLS A functions are on. The 
.selection of any other function, when the DELAY 
light is on, will cause the instrument to e.xit from 
delay mode. 



The delay time may be selected as follows: 

1. Press the GATE/DELAY button. The GATE/DELAY iighl: 
will turn on and the instrument will display the follow- 
ing mesvsage; 

dELAY DDD±D SEC 



2- To change the delay time, press the GaTE/DEL > > ' 

-4 or button. When the A or button is de 
for more than one second, the instrument w|U 
or decrement continuously. 

3. Pressing the A and T buttons simuitaneou.slv will 
change the delay time to a preset value of Isec. 

4. To resume norinal display operation, press the 
GATE/DELAY button. The GATE/DELAY light wili turn 
off and instrument will be ready to perform measure- 
men? with the newly selected delay time. Table 2-1 Irst-- 
the gate/delay times which arc available as presdected 
values, 



I't is also possible (o change the delay time w!.th<.n.d .obser- 
ving the actual delay time on the display. To do so. simph,' 
press the GATE/DELAY TIME A or' 'f' button, l.hum, time 
the A button is pre.ssed, the instrument will mcrvnu’n: 
one delay time. Each time the ▼ button i.s pres.sed, the 
instrument will decrement one delay time. When A or T 
button is held in for more than one second, the instru- 
ment wili increment {or decrement) after each measuring 
cycle. 




NOTE 

To pi'trvent operator error, there- is an internal 
alarm that beeps whenever a limit is reached, 
(e.g, 100/isec low limit or lOsec high limit), When 
the GATK/DELAY light is on, the alarm will 
.sound when the users delay is displayed and the 
A button is pressed. Refer to Table 2*2. 



2t6.5 User Delay Function 

The user delay function is useful when a delay time other 
than the predetermined delay times listed in Table 2-1 is 
required, The limits which must be observed are the 
minimum liniit of lOO^isec and the ma.Kimum limit of 
t0,000sec, The user delay function is accessible in the 
PERIOD A, TIME A“*B nr PLS A functions. To operate 
th-3 instrument in the user delay mode proceed as follows: 

1 , i^ress the G.ATE/DEL/u' button and obsen^e that the light 
turns on and the instrument displays the fallowing 
message; 

clELAY DDD±D SEC 



'r"ms display is the actual delay time that the instrument 
is set to operate. DDD±D SEC may be any time from 
lOOb-6 to lOE+0- 

2. Press and hold in the GATE/DELAY TIME UP button 
and observe that the display increments. After the iOsec 
delay time the instrument will enter the user delay mode 
and the instrument will display the folloK'ing: 

USEr dLAV SEC 



Pressing the A button after the user delay time i,s 
di.sp>iaved will sound an alarm. 

3, Press the G.A.TE2DELAY button and obser/e that the light 
turns off. 

4, Press the MODE button twice, The first time the.MODE 
button IS pressed, the HOLD light will turn on. The se- 
cond time the button is pressed, the DELAY light will 
turn on and the instrument . will be ready for 
rnevisurements with an external delay. 

D, Apply a TfL high level pulse to the rear panel EXT 
ARMING &c GATE/DHLAY terminal, Delay would then 
be enabled as long as this input is kept at a TTL high 
level, The first negative tran.sition to TTL low at this in- 
put will disable the delay. The delay would then be 
disabled as long as this input is kept at a TTL low level, 



NOTH 

The user delay function may be accessed only 
when the GATE/DELAY light is on. To exit the user 
delay mode simply depress the GATE/DELAY 
TIME T button, or both the A and T buttons to 
preset the delay time to Isec, 



2.6.6 Selecting Measurement Rate 

There a,re four measurement rates which are available on 
the Model 775. Only two measurement rates are accessi- 
ble from the front panel; normal rate and single cycle 
(Hold). The other measurement rates are accessible only 
via the rear panel IEEE-488 bus and will be discussed in 
further detail in Section 3. To select the measurement rate 
proceed as follows: 

1. Refer to the front panel MODE indicator; The HOLD 
light deterniii'ies the rate of measurement. Wlien the in- 
dicator in off, the instrument is in the normal measure- 

rnent rate. 

2. Press the HOLD button. The HOLD light will turn on 
and the instrument will go into the one-shot measure- 
ment cycle, 

3. Press the RESET button. This action will clear the 
display and. the Model 775 will be ready to take' arid pro- 
cess the next signal from the input terminal (see 
paragraph 2,7 for arming). 

2£J Selastlng the Number of Displayed Digits 

A m.ajor advantage of the Model 775 is its capability to 
display a fixed number of digits regardless of the frequen- 
cy of the signal. For example, with a one second gate tiine, 
the Model ^5'is capable of displaying a minimum of eight 
di.gi'ts. This how'ever. may turn out to a disadvantage uiien 
measuring a frequency of a relatively unstable signal in 
w'hich just the most significant digits are stable and the 
least significant digits are "jumping around" with no 
significant' meaning. Model 775 is designed in such a way 
that it truncates the unstable least significant digits while 
still preserving the full performance of the Model 775, To 
select the number of displayed digits proceed as follows: 

1. Pres.s the GATE/DELAY and TRIGGER LEVEL buttons 
simultaneously, The respective indicators will light and 
the following message will appear on the display, 

D dIGIt 




Where: D is any number from 3 tr> 9, The fa<;h:ory j^eiected 
default number tor D is nine. This means that the max* 
imun- number of digits that the Model 775 is capable 
of displaWng 9. 

2. To change the number of displayed digits, press the 
GATE/DELAY TIME A or T button until D is equal to 
the required number of digits. 



Selecting five digits to be displayed, instead of 
nine, will eliioinate the four least sigitlficant digits 
and will move the entire display to the right by 
four places. An example of a normal diaplay 
reading, and the same display reading with five 
digits of resolution is given as follows. 



Display reading with nine digits; 

1.13456789H?. 

Display reading with selected five digits: 
1.1345H2 



To change the input setting proceed as follows: 

1. To change the slope that the in.strument wiil trigger on. 
press the SLOPE button. If the W. indicator iigln is 
off, the counter will trigger on the positive edge vh' itie 
input signal, If the indicator light is on, the counter 
will trigger on the negative going edge. 

2. To select the required coupling mode, press the AC 'DC 
button. The instrument is in the DC coupling mode 
when the AC indicator light is off, When the AC in- 
dicator light is on, the instrument is in the .AC coupling 
mode, 

3. When the signal exceeds the specified dynamic ran!?;e 
of the input, attenuation is required. To attenuate the 
signal, pres, 5 the ATTEN button. The input .signal wall 
be attenuated by a factor of 10 when the light is on.. 
When the light is off, the input signal will not be 
attenuated, 

4. In io’w frequency measurements where the frequency 
range is below lOOKHz, the use of a filter is recommend- 
ed to attenuate high frequenq/ signals which may in- 

L-re w’ith the measurement. To apply a filter depress 
button, the FLTR light will turn on. 



Trlaaer Level 



3. To return the Model 775 to the norma! n-uvJe of cspcra- 
rion, simply press any button on the froni panel, except 
the LOCAL button, 



There are two LEVEL buttons associated with both chan 
neis A and B. The LEVEL buttons set the signal vtMiag- 
level that will trigger the instrument. 



NOTE 

In cevtain circumstances, it is possible -hat the 
Model 775 will display less than nine d:gits. This 
may occur when the selected gate tune iS very 
small. In this case, the instrument '.vil! override 
the function ot the selected number of digits and 
will display only as many digits as it can. V\%en 
gate time is increased, the Mode! 775 will again 
limit the number of displayed digits to the 
selected value. 



2.6.8 Input Condition Controls Setting 

A proper setup of the input controls will ensure proper 
operation of tlie iristrument. There are six button, s which 
control the input. Tnese buttons are identical in both chan- 
nels A and B. 



Changing one of the input setting controls is simply a m.at- 
Eer of pressing the required button. There are four lights 
which ire associated with each of the controls which will 
turn on when a button is pressed. 



To set the trigger levels proceed as follows: 



NOTE 

The procedure for setting the trigger level is idvE- 
tical for channels .A and B. 



1. Press the TRIGGER LEVEL button. The TRlGGlTl^ 
LEVEL indicator will turn on and the display will read 
follow's; 

-D.DD -D,DD VOLT 



The display segment "-D.DD" may have any value from 
-2.55 to -i-2,55 if the "ATTEN" indicator is otf . When die 
ATTEN' indicator is on, the value may range trum ■25,5 
to +-25,5, Also, note that the left three cigits on llv.: 
display are associated with channel A and the ihree 
digits on the right side of the display are associated '.■\ ii:ii 
channel B, 





2. SuTiuUaneo’Jsly press the hv'O LEVEL buttons and note 
that the display aectbn associated with channel A resets 
to 0, The display will appear as follows: 

0.00 -D.DD VOLTS 



3. To set a positive trigger level press the A button. 
Holding in the A or Y button ror more than a Va se- 
cond, wOl cause the instrument to increment or decre- 
ment continuously. 

NOTE 

Pressing the LEVEL A or ^ button, when the 
limits of -r2,55 or -2.55 respectively have been 
reached, will sound an alarm. 

4. Press the ITilGGER LEVEL button. The indicator light 
will turn off and the instrument will return to the 
previous megsurement state. 

NOTE 

It is also possible to change the trigger le\'el set- 
ting without observing the tri^er level setting on 
the display. To do so, proceed as follows; 

1. Select a function arsd gate time as discussed previously 
in this section and apply the signs! to be measured to 
the appropriate input terminal. 

2. To preset the trigger level, press both LEVFX A and W 
buttoriS simultaneously. Observe the display, if the 
Gate light flashes and the Model 775 displays a steady 
result, there is no further need to change the trigger level 
setting, if the GATE light does not flash or the reading 
is noisy, press and hold in the LEVEL A button, The 
instrument vvOI increment until the bottom peak of the 
signal i.s found. At this point the instnmaent will beep, 
signaJii^ to the user that the signal has been found, and 
the GATH light will flash at a rate equal to the gate tinre. 
Pressing and holding in the LEVEL A button after the 
signal ha.s been found will increment the instrument 
once after every measurement cycle. 

If the siXnaJ cannot be found in the positive range of 
OV to 2.f5BV, the Model 775 will beep continuously until 
the A button is released. In this instance, continue to 
search for the signal in the negative range of OV to -2.55V 
using the T button. 

2,6,10 S©iseting TotaM^e Operation 

The totalize- mode is used when counting the number of 

pulses at the Channel A input terminal. Pulses may be 

repetitive or erratic, When the Model 775A i.s set to operate 



with infimte gate time, pulses are counted for as long as 
they ai°e present at the input terminal. This is called, cum- 
mulative totalize mode, it is also possible to limit the 
amount of time that the pulses are counted. This is done 
by utilizing the totalize A B mode, where a gatiirg signal 
on Channel B permits counting of channel A pulses 

To operate the Model 775A in totalize A by B, proceed as 
follows: 

I Simultaneously press the FREQ and PERIOD buttons, 
Note that' all function lights are turned off, indicating 
that the instrument is set to operate in totalize. 

NOTE; Upon power up, the totalize function defaults 
to totalize A by B. 

2, Conned: the signal to be counted to the Channel A in- 
put ternunal. 

3, Connea the gating signal to the Channel. B input ter- 
m.inal. The GATE light illuminates whsnewr the level 
at Channs.! B i,s above the selected tri^er level. 

NOTE; Press the RESET key to set counts back to zero, 

4, Set Channels A and B to the required trigger level, mak- 
ing sure that the gating signal will cross the threshold 
level. 

NOTE: V\Tienever the voltage level at the Channel B in- 
put terminal is above the Channel B programmed trig- 
ger level, the gate will open and the Model 775A. will 
accumulate the counted pulses at the Channel A input, 
The gate may also be left open v/hen Channel B is set 
to a negative trigger level and no cable is connected to 
its input, 

To operate the Model 775A in the cumulative totalize mode, 
proceed as follows; 

1, Siimiitaneously press the FREQ and PERIOD buttons, 
Note that all furiction lights are turned off, indicating 
that the instrument is set to operate in totalize, 

2, Press the GATE/DELAY button. The GArE/DELAY light 
turns on ai\d the instrument displays the following 
message: 

tot A by B 

The Model 775A is set to operate in totalize A by B, 

3, To operate with infinite gate time, press the G.ATE/ 
DELAY A button once. The instrument displays the 
following message: 

tot InF 

The Model 775 is set to operate in totalize mode with 
an infinite gate time. Repeatedly prising the button will 
i:ogg.le the unit between the two gating options. 



4. Press the GATE/DELAY button. ^rb.e GATH/DELAY indi- 
cator turns off and the GATE light turns on, 

5. Connect the signal to be counted to the Channel A in- 
put terminal. The Model 775A will begin accumulating 
counts. 



2.7 ARMING 

Arming alloy’s a measurement to be triggered by the in- 
put signal The Model 775 may be armed to take readings 

in four ways: 

1. Continuously armed in the normal, mode. 

2, Witl-\ the front panel RESET button when the instmment 

i.s in hold mode. 

3. Through an arming pulse applied to the rear panel EXT 
ARMING k GATE/DELAY input when the instrument 
is in the hold mode. 

4, With commands giv^n over the IEEE-488 bus as des- 
cribed in Section 3. This section covers iront panel and 
external arming in detail. 



2.7.1 Continuous Arming 

When the instrument is not in the hold mode and there 
is no signal present at the input terminals, the instrument 
will stay in the idle state and the GATE light will not flash. 
An input signal with the correct dmirric range and cor- 
rect input control setting will initiate, a .measurement cy- 
cle and the GATE light will flash every time the internal 
gate opens. 



2 J.2 Front PansI Arming 

Front pane] arming is done with the RESET button, This 
arming mode is very useful in burst measurements where 
a signai is present onlv temporarily To use front panel ar- 
ming perform the following steps. 

1, Enter the hold mode by pressing the MODE button, The 
HOLD light will turn on and the GATE light will cease 
flashing; indicating the in.strument is in the one-shot ar- 
ming mode. Tne display will zero and n,o new^ readings 
are processed until an arming stimulus is applied. 

2, To. trigger a single reading, press and release the RESET 
brrtlon! Tne instrument will be ready to take and pro- 
cess the next reading. 

3, To arm the instrument for a new mea,surement, press 
the RESET button, the display will zero, 

4, To remove the instrument from the one-shot arming 
mi ie, press the MODE button, until the .HOLD light 
turns off. 




External arming operates much like front panel arming ex- 
cept for the arming stimulus itself. In this case the arm- 
ing stim,uiu.s is applied to the rear panel EXT ARMING 
& GATE/DELAY lerminal (see Fi^ore 2-2), The Input arm- 
ing pulse must conform to TTL levels. To use extemai ar- 
ming, proceed as follows: 

1. Place the instrument in the hold mode by press.mg the 
MODE button, (refer to paragraph 2.7.2). Note that the 
GATE light will not flash, indicating that the instrument 
is i.n one-shot mode. The instrument will cease process- 
ing readings while it is waiting for the arming signal, 

2. Connect the external arming source to the rear panel 
EXT ARF4ING & GATE/DELAY connector, The first 
posith’e going pulse at the input terminal wiB. cause the 
Model 775 to take and process the next available signal , 
Note that after each positive going transition of the ar- 
m.ing signal, the numeric dtepiay will be set to read zero 
until the next data is processed and displayed, 

3. To return the instrument to the continuous mode, press 
and release the MODE button until the HOLD light 
turns off. 



2 J.4 Alarm Conditions 

labk 2-2 lists the front panel conditions that wtil cause 
the instrument to sound an audible alarm. Some of these 
conditions are errors, while others provide irsfonnation to 
the user, 



Table 2-2. Alarm Conditions 



Item 


D«scription i 


i 1 

1 


Pressing two buttons other than those 
specific’d as legal. 


: 2 


Pressing the GATE/DELAY TTMH A or | 

button w'hen high or low limits are 
reached. 


■ 3 


Pressing the LEVEL A or f button u hen 
upper or lower limits are reached. 


4 


After selecting the number of digits to be 
diaplayed, pressing the LEVEL A or 'W but- 
ton after the limits are reached, 

■ ■■ - - 1 



2.8 AFFUCATIONS 

Applications for the Model 775 are many and varied and 
will depend on the user's need.s. Figure 2-3 contains a.n 
application concerning fall time measurements; while 
Figure 2-4 contains an application using delay to measure 
contact d.weli time. For application information on hugh fre- 
quency multiplexed measurements, refer to Figure 2-5. 





I 1, Attach the input to channels A and B, (Use a BMC TEE connector.) 

: 2. Display the trigger leveb and adjust level A = 2.55V, level B “2.55V, 

3. Display rrequency A and hold the level ¥ button in until a gate occurs, 

4. Display frequency B and hold the level A button in until a gate occurs, 

5. Display trigger levels to realiite the p-p voltage of the input signal. Assuming figure above, trigger A = ,55V and trig- 
ger 15 -- - 62V, 

NOTE: VA'hiie displaying frequency and holding a level button, the tri^er level changes rapidly until a reading is 
trigucred; after which the level changes siowly (at one step per readir^g). This featixrs provicbs s means to detect the 
peaks or an input signal. 

D. Set trigger A snd trigger 8 ieveis to the 90% and 10% points (i.s. .A ,43V and B » — .5V). 

! 7 Set CHA.N A and CHAN B to negative slope, 

; !i. Display fail time by displaying time A-*B. 

NCTFE: To verify the above procedure, measure the trigger level output voltage at the rear panel of the Mode! 775, 

9 To use this procedure over the bu.s, trigger levels must be sent by the controller, while monitoring the serial poll byte 
for "reading done'’. See Section 3 of this instruction, manual. 





(CONTACT BOUNCE TIMS 't^l 




1. Connect a signal to channel A input and select TIME PLS A. 

2 . Set the slope at channel A to trigger on the rising or the tailing edge, for high time or low time measurements. 

3. Set the delay time to a value between the bounce time (t^) and the pulse width (t^v) ^ that the bouncing is ignored. 



4. The counter is now reading time. The delay in 
closing the gate. 



dosing preventad the initial bounce time from orematurelv 







3.1 INTRODUCTION 



The IEEE-488 bus is an instavmentation data bus with stan- 
dards adopted by the IEEE (Institute of Electrical and Elec- 
tronic Engineers) in 1975 and given the IEEE-488 designa- 
tion. The most recent revision of bus standards was made 
in 1978; hence the complete description for current bus 
standards is the IEEE-488-1978 designation. The Model 775 
conforms to 1978 standards. 



This section contains general bus information as well as 
detailed programming information and is divided as 
follows; 

1. General intix)ductory information pertaining to the 
IEEE-488 bus may be found primarily in paragraphs 3.2 
ihrt^ugh 3.6. 

2. information necessary to connect the Model 77S to the 
bus Is contained in paragraph 3.7 and 3,8, 

3. General bus command programming is covered in 
paragraph 3.9, 

4. Device-dependent command programming is des- 
cribed in detail in paragraph 3.10, The command.? 
outlined in this section can be considered to be the most 
important since they control virtually all instrument 
functions. 

5. Additional information-pertaining to front pane! error 
messages and controller programs can be found in 
paragraphs 3.11 and 3.12. 

3,2 BUS DESCRIPTION 

The IEEE'488 bus as designed as a parallel data transfer 
medium to optimize data transfer without using an ex- 
cessive number of buslines. In keeping with this goal, the 



bus has only eight data lines that are used for both data 
and most commands. Five bus management lines and 
three handshake lines round out the complement of .signal 
lines, Since the bus is of parallel design, all devices con- 
nected to the bus have the same information avail, :^bie 
simultaneously. Exactly what is done with the information 
by each device depends on many factors, including device 
capabilitie,3. 



,A typical bus configuration for controlled opcravjon is 
shown in Figure .3-1. The typical system w-ill have o!u= coi'!- 
troiier and. one or more instruments to which commands' 
are given and, in most cases, from which data is roceix'od. 
Generally, there are three categories that describe dcvu:v 
operation, 'fhese designations include; controller; talker; 
listener. 



The controller does what its name implies; it control,? other 
devices on the bus, A talker sends data, while a listener 
receives data, Depending on the instrument, a parttcular 
device may be a talker only, a listener only, or both a tdlker 
and listener. 



.Any given sy.stem can have only one controller (ccintroi 
may be passed to an appropriate device through a .specuh 
command), but any number of talkers or listeners nrav be 
present up to the hardware constraints of the bus. General- 
ly, the bus is limited to 15 devices, but this number snav 
he reduced if higher than normal data transfer rates .;'.re 
required or if longer than normal cables are used, 

Several devices may be commanded to iisten at uru:v, but 
only one device may be a talker at any given time. Other- 
wise, communicationis would be scrambled. 




Figure 3*1. ^EEE Bus Configuration 



Before device Cfin talker listen, it must be appropriately 
addressed. Devices are selected, on. the basis of their 
primary address; the addressed device is sent a talk or 
itsten command derived from its primary address. Nor- 
mally, each device on the bus has a unique primary ad- 
dresvS .so that each may be addressed individually. The bus 
also has another addressing mode called secondary ad- 
dressing, but not all devices use this addresvsing mode. 



Once the device is addressed to talk or listen, appropriate 
bus transaction.^ are set to take place, R>r example, if an 
instrument is addressed to talk, it will usually place its data 
on the bus one byte at a time. The listening device will 
then read this information, and the appropriate software 
can then be used to channel the informatton to the desired, 
location. 



3.3 IEEE4B8 BUS LINES 

The signal lines on the IEEE-488 bus are grouped into three 
gener^ categories. The data lines handle bus information, 
while the handshake and bus management lines ensure 
that proper data transfer and bus operation takes place; 
Each of the bus lines is active low so that approximately 
7,ero volts is a logic one. The follov/ing paragraph.? describe 
the purpose of these lines, which are shown in Figure 3-1. 



inagement Lines 



Tlie bus management group is made, up of five signal lines 
that help ensure an orderly transfer of data. These lines 



the uniline commands described in 



ATN (Attention)— The ATN line is one of the more impor- 
tant management lines. The state of the ATN li.ne deter- 
mines whether controller information on the data bus is 
to be considered data or a multilirie command as des- 
cribed in paragraph 3.4. 



!FC {Interlace Qear)~Setting the IFC line true (low) cau.ses 
the bus to go to a known state. 

REN (Remote Enable)— Setting the REN lirie low sends the 
REN command. This sets up instruments on the bus for 
remote operation. 



EOI (End Or Identify)— The EOI line is used to send the 
EOI command that usually terminates a multi-byte transfer 
.sequence,. 

SRQ (Seiwice Request)— The SRQ line is set low by a device 
when It requires .service from the controller. 



3.3.2 Handshaka Lines 

The bus uses three handshake lines that operate in an in- 
terlocked sequence. This method ensures reliable data 
transfer regardless of the transfer rate. Generally, data 






transfer will occiir at a rate determined by the slowest ac- 
tive device on the bus. 



IEEB=4§8 OPERATiON 



One of the handshake lines is controlled by the data 
source., while the remainiri.g two lines are controlled by ac- 
cspting devices. The three bus handshake lines are: 

DAV (Data VaUd)--The srjurce controls the state of the DAV 
line. 

NRFD (Not Ready For Data)— The acceptor controls the 
state of the NRFD line. 

NDAC (Not Data ;^cepted)—Tl’ie acceptor ai.°o controls the 
NDAC line. 



Once the NRFD and NDAC lines are properiv set. the 
source sets the D,'W line low, indicating that dale on the 
bus is now v-hld. The NRFD line then goes low; the NDAC 
line goes high once all devices on the bu.s have accepted 
the data, Each device v/ili release the NDAC line at it.s awn 
rate, but the NDAC iine will not go high until the siow-esi 
device has accepted the data byte. 



After the NDAC line goes high, the source then sets the 
DAV line high to indicate that the data on the bus is no 
longer valid, A.t this point, the NDAC line return.s to its 
low state. Finally, the KRFD line is released by each of tiv: 
devices at their own rates, until the NRFD line finaliv goe.s 
high when the slowest device is ready, and the bus i.s set 
to repeat the sequence with the next data byte. 



The complete handshake sequence for one data byte is 
•show'Ti in Figure 3*2. Once data is on the bus, the source 
checks to see that NRFD is high, indicating that aJl devices 
on the bus are ready for data. At the same hme ND.aC 
.should be lov/ from the previous fcwte transfer, Lf these con- 
ditions are not met, the source must then wait until the 
NRFD and ND.AC lines have the correct status. It the 
source is-a. contmller, NRFD and ND/AC m.ust remain stable 
for at least lOOnsec after ATN is set low. Because of the 
possiWlity of bus hartg up, some controllers have time-out 
routines to display error messages if the handshake .se- 
quence stops for any reason. 



\/ 

DATA^ 




X SOURCE 

/ 


DAV 




SOURCE 




VALID 




NRFD 




ACCEPTOR 








i 



NDAC 



ACCEPTOR 



DATA 

TRANSFER 

BEGINS 



DATA 

TRANSFER 

ENDS 



The sequence just described is used to transfer both dafa 
and multiline commands. The state of the ATN Imc dotor • 
mines whether the data bus contains data or conur.and:> 
as described in paragraph 3.4. 



.3.3 Data Linas 



The IE'HE-488 bus uses the eight data lines chat allow d.sta 
to be transmitted and received m abit-parallei., bytc-scrial 
manner. These eight lines use the convention DiOl 
through DIOS instead of the more common DC through 
D7 binary terminology. The data lines are bidirectional an.d. 
as with the remaining bus signal lines, low is true. 



3.4 BUS COMMANDS 

VVhde the hardware aspect of the bus is essentiai, Hie rV' 
terrace ^voulci be essentially worthie.s« withoui appr.q-riate 
com.mands to control communications between the vari'.v,.is 
Instruments on the bus. This paragraph briefly 
the purpose of the bus commands, which are grouped intti 
the following three general categories: 

Uniline commands— Sent by setting the associated biis hoc 
low, 

Multiline commands— General bus commands which arc 
sent over the data lines with the ATN line low (true). 

Device-dependent commands— Special commands that 
depend on device configuration; sent over the data nnes 
whih ATN high (false). 
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Command Type 


Command 


Slate of 
ATN Line^ . 


Comments 


Uniiine 


REN (J^emote Enable) 


X 


Set up for remote operation. | 




EOI 


X 


Sent by setting' EO! low. | 




IrC (Interface Clear) 


X 


Clears Interface 




ATN (Attention) 


Low 


Defines data bus contents. 




SRQ (Service Request) 


X 


Controlled bv external device. 


Multiline 

Universal 


LLO (l.ocal Lockout) 


Low 


Locks out front panel controls. 




DCL (Device Clear) 


Low 


Returns device to default conditions. 




SPE (Serial Poll Enable) 


Low 


Enables serial polling. 




SPD (Serial Poll Disable) 


IjOw 


Disables serial polling. 


Addressed 


SDC (Selective Device Clear) 


low 


Returns unit to default conditions, i 


j 


GtL (Go To Local) 


Low 


Returns to local control. 




GET (Group Execute Trigger) 


Low 


Triggers device for reading. 


Unaddress 


UNL (Unlisten) 


Low 


Removes all listeners from bus. 




UNT (Untalk) 


Low 


Removes all talkers from bus. 


Device-dependent** 




High 


Programs Model 775 for various modes. ‘ 



‘X == Don't Care 

paragraph 3.10 for complete description 



3.4.1 Uniline Commands 

Uniline commands are sent by setting the associated bus 
Hne low, The ATN, IFC and REN commands are asserted 
oniy by the system controlier. The SRO command is sent 
by an Eternal device. The EOI command may be sent by 
either the controller or an external device depending on 
the direction of data L.ansfer. The following is a 
description of each command. 



RHN (Remote Enable)— When the condoller sends the; 
command, the instrument will be set up for remote opera- 
tion. Generally, the REN command should be sent before 
attempting to program instruments over the bus, 

EOI (End Or Identify)— The EOI command is sent to 
po.sitivelv identify the last byte in a multi-byte transfer se- 
quence. This allows variable length data words to be 
transmitted eas.ily. 

IFC (Interface Clear)— The IFC command is sent to dear 
the bus and set device to a known state, Although device 
configurations differ, the IFC command ustudly places in- 
struments in the talk and listen idle states, 

,ATN (Attention)— The controlier sends ATN while 
transmitting addresses or multiline commandi: 
..dependent commands are sent with the ATN 



y ^Service Request)— The SRQ command is asserted by 
an external device when it requires service from the con- 
troller. If more than one device is present, a serial polling 
sequence, as described in paragraph 3.9.8, must be used 
to determine which device has requested service. 



Universal commands are multiline commands that require 
no addressing. All instrumentation equipped to implement 
the command will do so simultaneously when the com- 
mand is traasmitted over the bus. As with all muitlline 
commands, the universal commands are sent over the data 
lines with ATN low, 

LLO (Local 1-ockout)— The LLO command is used to lock 
out front panel controls on devices so equipped, 

DCL (Device Clear)— After a DCL is sent, instrumentation 
equipped to implement the command will revert to a 
known state. Usually, instruments return to their power- 
up conditions, 

SPE (Serial Poll Enable)— The SPE command is the first step 
in the serial polling sequence, which is used to determine 
which instrument has requested service with the SRQ 
command. 
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5PD (Serial Poll Disable)— The SPD command is sent by 
the controller to remove ail iUsStrumentation on the bus 
from the serial poll mode. 

3,4.3 Addressed Commends 

Addressed commands are mulfciime commands that must 
be preceded by a listen command derived from the device's 
primary address before the instrument wiii respond. On- 
ly the addressed device will respond to each of these 
commands: 

SDC (Selective Device Clearl—The SDC command per- 
forms essentially the same function as the DCL command 
except that only the addressed device will respond. In- 
struments usually return to their default conditions when 
the SDC command is sent. 

GIL (Go To Local)— The GTL commarsd is used to remove 
instruments from the remote mode of operation. Also, 
front panel control operation will usually be restored if the 
LLC>’ command was previously sent, 

GET (Group Execute Trigger)-'-The GHT command is 
used to trigger devices to perform a specific action that 
depends on device configuration. Although GET is coH' 
sidered to be an addressed command, many devices res- 
pond to GET without being addressed. 



34.4 Unaddress 0 d Commands 

The two unaddrsssed commands are used by the con- 
troller to remove ell talkers and listeners from the bus 
simultaneously. AJN is iov, when these multiline com- 
mands are asserted. 

(JNL (Uniisten)— All listeners are removed from the bus 
at orare when the UNL command i.s placed on the bus, 

UNT (Untalk)— The controller sends the UNT command 
to clear the bus of any talkers. 



3.4.5 Devlce-Dspendsnt Commands 

The meaning of the device-dependent commands^ is deter- 
mined by instrument configuration. Generally these com- 
mands are sent as one or more* ASCII characters that tell 
the device to perform a specific function. For example, FO 
is sent to the Model 775 to place the instrument in the fre- 



quency A mode. The IEEE488 bus treats device-dependeni. 
commands as data in that ATN Is high (false) when the 
commands are transmitted. 




Each multiline command is given a unique code that is 
transmitted over the data bus as 7-bit ASCll data. Thi.^ sec- 
tion briefly explains the code groups which are sum- 
marized in Figure 3-3. Every command is sent vv-ith AT.\' 
low. 

Addressed Command Gmup (ACG)— Addressed com- 
mands are listed in column 0(B) in Figure 3-3, Column Of, A) 
lists the corresponding ASCII codes. 

Universal Commad Group (UCG)— -Columns IfA) and 1(B) 
list the universal commands and the corresponding ASCII 
code.s. 

Listen. Address Group (LAG)--Columns 2,(A) and 3(.A) iwt 
the ASCJT codes corresponding to the pnmarv addres.5 
listed in columns 2(B) and 3(B). For example, ir the primary 
addicss of the jn-strument is set to 16, the L.AG byte vvili 
correspond to an A.SCII zero. 

Talk Addres-s Group (TAGIi-ATAG primary address vaiiies 
and the corresponding ASCII characters are Ibted in c.-.r 
umns 4(A) through 5(B). 

The preceding address groups are corsibineu togeiher to 
form the Primary Command Group (PCG). The bi.is airo 
has another group of commands, called the Seimndars' 
Command Croup (SCG). These are listed in Figure 1-3 f.'ir 
informational purpose.^ only; the Model 773 d-oes rcspi.mci 
to these comrriands, but other devices mav have secor;- 
dary addressing capabilitV- 



Nore 

Cnn-iinands arc- normally rransmitted wit'n the %hi( 
code listed in Figure 3-3, R>r most devices, the con- 
dition, of D7 (DiOHj is unimportant, as show n b\' 
the "Don’t Care" indication in the tabic. Sonu.r 
devices, however, may require that D7 assumes a 
specific logic state before the commands are 
recognized. 



Hexadecbnal and decimal values for each of the commands 
or command groups are listed in Table 3-2, Each vahuv in 
the table assumes that D7 is set to 0, 
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Table 3-2, Hexsdecimal and 
Codes 



Command 


Hex Value* 


Decimal Value 


^ GTl 


01 


1 


I SDC 


04 


4 


! GET 


08 


8 


i LLO 


11 


17 


DCL 


14 


20 


SPH 


18 


24 


SPD i 


19 


25 


LAG I 


; '20-3F 


32-63 


TAG 


40-5F 


64-95 


UNL 


‘ 3F 


63 


UNT 


1 5F 


95 



'"'Vi'ijups shown with 




The uraversal commands are sent by setting ATN low' and 
then placing' the command byte on the bus. For example, 
the following gives the LLO command; 

ATN-LLO 



Note that both the ATN and LLO commands are on the 
bus simultaneously. Also, addressing is not necessary. 



3.6.3 D9vlce»Depend©nt Command Sequence 



Device-dependent commands are transmitted with ATN 
high , Howe\'er, the device must be addressed to listen first 
before the commands are transmitted. Table 3-4 show's the 
sequence for the following command; 



3,6 COMMAND SEQUENCES 

Tbo proper command sequence must be sent by the con- 
troller before an instrument will respond as intended. The 
universal commands.- such as LLO and DCL. require on- 
ly that ATN be set low before the command is sent. Other 
commands require that the device be addressed to listen 
first. This section briefly describes the bus sequence for 
several types of commands. 



3,6.1 Addressed Command Sequence 

before a device will respond to one of these commands, 
it must receive a L.AG cc.nmand derived from its primary 
address. Table 3-3 sho'.vs a typical sequence for the $DC 
command. The L.AG command assumes that the instru- 
nient ss set at a primary address of 23. 



F0X 

This command, which sets the Model 775 to the frequen 
cy A modvq, is described in detail in paragraph 3,10.2. 



Table 3*^4, Typical Devlcs-Dspendsnt Comman 
Sequence 



Step 


Command 


.ATN State 




Data 


Bus 


I ASCI^ 


Hex 




1 


UNL 


Set low 




3F 


o3 ! 


'i 

*-( 


LAG* 


Stays low 


7 


37 


• 


3 


Data 


Set high 


F 


: 46 


70 1 


4 


Data 


1 Stays high 


0 ! 


: 30 


48 I 


R 


Data 


i Stays high 


X i 


i 58 . 


. B8. . _j 



*A.ssumes primary address=23 



Note that an UNL command is transmitted before the 
l.AG, 5DC .sequence. This is generally done to remove all 
other listeners from the bus first so that only the ad- 
dressed device responds. 



Table 3-3. Typicsl Addressed Command Sequsne© 



HARDWARE CONSiDERATiONS 

Before the Model 775 can be used with the IEEE-488 bus, 
the instrument must be connected to the bus with a 
suitable connector. Also, the primary address must be pro- 
perly programmed as described in this section. 



) 







Data Bus 


Step 1 Command 


ATN State 


ASCII 


He.x 


Decimal 


1 ! UNL- 


Set low 


•) 


3F 


63 


: 2 LAG* 


Stays low' 


7 


37 


55 


3 ■ SDC 


Stays low 
Returns high 


EOT 


04 


4 



3.7.1 Typical Controlled Systems 

The IEEE-488 bus i$ a parallel interface system. As a. result, 
adding more devices is simply a matter of using more 
cables to make the desired connections. Because of this 
flexibility, system complexity can range from, the very sim- 
ple to extremely complex. 



'Assumes primary’ address=23 
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Figure .M shows two t>T>!cal system configuratiorss. Figure 
3-4( A) shows the simplest possible controlled system. The 
controller is used to send commands to the instrument 
which sends data back to the controller. 



The system becomes more complex in Figure 3'4{B)^ where 
additional instrumentation is added. Depending on pro- 
gramming, all data may be routed through the controller, 
or it may be transmitted directly from one instrument to 
another, 



R)r very-’ complex applications, a much larger computer can 
he used, Tape drives or disks can then be used to store 
dvnta, 





Figure 3»4. System Typ* 




lire S-S- IEEE-488 Connector 



NOTE 

To avoid possible mechanical damage, it is 
recommended that no more than three connec- 
tors be stacked on any one. instrument. Other- 
wise, the resulting strain may cause internal 

damage. 

A typical connecting scheme for the bus is shown in Figure 
3-6. Each cable normally has the standard IEEE connector 
on each end. The Keithiey Model 7007 cable is ideal for 
this purpose. Once the connections are made, the screws 
should be tightened securely. Tbr the location of the con- 
nector on the rear panel of the Model 77^, refer to Figure 
3-7. 



3,7.2 Bus Connections 

The Model 775 is connected to the bus through an IEEE-488 
connector which is shown ir^ Figure 3-5, This connector 
is designed to be stacked to allow a number of parallel con- 
nections on one instrument. 



NOTE 

The lEHE-488 bus is limited to a maximum of 15 
devices, including the controller. Also, the maxi- 
mum cable length is 20 meters. Failure to observe 
these limits w'ill probably result in erratic bus 
operation. 



NOTE 

For control of possible radio frequency in- 
terference, a shielded IEEE-488 cable (such as the 
Keithiey Model 7007-1) must be used. 






Figure 3-6. IEEE-488 Connections 




Oentaot DsslqrEattom 



Contact 

Number 


„ 

IEEE-488 Designation 


type 


1 


Dicn 


Data 


2. 


D102 


Data 


3 


DI03 


Data 


4 


D1.04 


Data 


5 


EOI (24)* 


M.anagt"ment 


6 


DAV 


Handshake 


7 


NRFD 


Handshake 


s 


NDAC 


Handshake 


9 


IFC 


Management 


10 


SRQ 


Management 


11 


ATN 


Management 


12 


SHIELD 


Ground 


13 


D105 


Data 


14 


D106 


Data 


1.5 


D107 


Data 


16 


D108 


Data 


^ 17 


REN (24)* 


Managerneni' 


18 


Gnd, (6'f 


Ground 


19 


Gnd, (7)* 


Ground 


20 


Gnd, (S)* 


Ground 


21 


Gnd, (9)* 


Ground 


22 


Gnd, (im* 


Ground 




Gnd, (11)* 


Grou.nd 


";4 


Gnd, LOGIC 


Grouxid 



"'Numbers in parentheses refer to signal ground retiun o( 
referenced contact number. EOI and REN signal Hnes 
return on contact 24, 



Figure 3-7. Rear Panel of Model 
Gormector 




Custom cables may be constructed using the huarmafion 
in Table 3-5 and Figure 3*6, Table 3-5 lists the contact 
assignments for the various bus UneS; while Figure 3-8 
shows contact designations. Contacts 18 through 24 are 
return lines for the indicated signal, lines, and the cable 
shield is connected to contact 12 and. the connector shell.. 
Each ground line is connected to digital comm.cn in the 
Model 775. 



contact \2 com ACT ■ 




Figure 3-8. Contact Aaslgnments 






EE-4ES OPERATION 



CAUTION 

The voltage between IEEE common i 
must not exceed 30V ©r dtmsge to 
merst may occur. 



A typical sigital line bus driver is shown In Figure 3-9. With 
the configuration shown, the driver has bidirectional 
capability. When the I/O control line is high, the line is 
configured as an output line. When the control line is low, 
the driver is set up tor input operation. Note that not all 
signal lines have bidirectional capability, Some lines, such 
aii ATN, wOl always be configured as an output line in the 
controller and as an input line tor ail other devices on the 
bus. 



OUTPUT 



DATA LINE 




To check the present primary address: 

1, Turn on the instrument. 

2. ’nie Model 775 wiU display the present primary address. 
For example, with the factory set value, the display will 
show the following: 

!E Adr 23 



This message will show on the display after a lamp test 
is complete and the version of the software has been 
displayed. 



NOT'ES: 

1, If a new address is set with the address switch on the 
rear panel, the instrument should be turned off and 
then on to activate the new address. 

2. bach device on the bus must have a unique primary ad- 
dre.ss. Failure to observe this precaution may result in 
en‘atic bus operation. 



useless witnot 
merit is ab<3 t: 



listicated computer in the world would be 
it the necessary software. This basic require- 
ue of the IEEE “488 bus, which requires the 
r routines as described in this parasraph. 



um 3’9. 



far iRterfaci Routine! 



Imary 



The Mods! 775 must receive a listen command before it 
will respond to addressed commands. Similarly, the in- 
strument must receive a talk command before it will 
transmit its data string, status word, or status byte. These 
li,sten and talk commands are derived from the instru- 
ment's primary address. Tlie Model 775 is shipped from 
the factory with primary address of 23, The primary ad- 
dress may be set to any value between 0 ad 30 as long as 
address conflicts with other bus instruments are avoided. 
This nuy be done by setting the address switch on the rear 
panel, i^ote that the primary address of the instrument 
must agree with the address specified in the controller's 
programming language. 



Before a controller can be used with the IEEE-488 inter- 
face, the user must make certain that appropriate handler 
software is present within the controller. Vvith the HP-85 
computer, .for example, the HP-85 interface card must be 
used with an additional I/O ROM, which contains the 
necessary handler software. . 



Other computers that can be used as controllers have 
limited IEEE command capability. The PET/CBM com- 
puters, for example, are incapable or sending multiline 
commands from BASIC, although these commands can 
be sent through machine language routines, The 
capabOities of other small computers depends on the par- 
ticular interface being used. Often, little software "tricks" 
are required to achieve the desired results. 



NOTE 

The programmed primary address is bri 
displayed as part of the power-up cycle. 



from the preceding discussion, the message is dear: make 
sure the proper software is being used with the instru- 






men?, Often, the user may incorrectly suspect that a hard- 
ware problem is causing fault, when it was the software 
that was causing the problem all along. 



3.8.2 HP-85 BASIC Ststsments 



Those statements in the table -with three digit arguments 
assume that the primary- address of the device i.s set at 2?. 
Other primaiy addresses require that the last two digits 
be set to the coiTesponding value. For example, to send 
a GTL command to device 22, the following BASIC state- 
ment would be used: LOCAL 722. 



Many of the programming instructions covered in this sec- 
tion use examples written in Hewlett-Packard Model 85 
BASIC. The HP-85 was chosen for these examples because 
it has a large number of BASIC statements that control 
IEEE-488 operation, Tills section covers those ITP-85 BASIC 
statements that are essential to Model 775 operation, 

A complete list of HP-85 IEEE-488 BASIC statements is 
shown in Table 3-6, Ail the statements in the table have 
one or three digit arguments that must be specified, The 
first digit is the HP-85 interface select code, which is set 
to 7 at the factory. The last two digits of those statements 
that require a three digit aigument specify the primai-y ad- 
dress. Generally, only those commands that actually re- 
quire an address to be sent over the bus require that the 
primary address be specified in the BASIC statement. 



Some of the statements in the table have two forms; the 
exact configuration used depend-s on the desired com- 
mand, For example, CLEAR 7 will cause a DCL to be sent, 
while CLEAR 723 causes an 5DC to be transmitted to 
device 23. 



The third column of Table 3-6 lists the mnemonics for the 
command sequences. While most of these are covered 
elsewhere, a couple of points should be noted. As des- 
cribed earlier, the ATN line is set low by the controller if 
the data bus contains a multiline command. This is in- 
dicated in the table by ANDing the ATN mnemonic with 
the first command on the bus. For example, ,ATK®GET 
means that ATN and GET are sent simultaneously. 



Statement 


Action 


Bus Command Sequence 


; ABORTIO 7 


Send IFC. 


IFC 


i CLEAR- 7 


Send DCL, 


AIN^DCL ! 


CLEAR 723 


Send SDC to dcn^ce 23. 


ATN®UNL;MTA;LAG;SDC 


E^TER 723;A$ 


Device 23 addressed to talk. 
Data placed in A$. 


ATN«UKL;MLA;IAG;ArN;data 1 


LOCAL 723 


Send GTL to device 23, 


ArN-UNL;MTA;LAG;GTL ; 


LOCAL LOCKOLT’ 7 


Send LLO. 


ATN* LLO j 


OUTPUT 723;AJ 


Device 23 addressed to listen. 
Transnut A$. 


ATN ®MTA;UNL;LAG; AT N; data i 

i 


REMOTE 7 


Set REN true, 


REN 1 


REMOTE 723 


Set REN true, Address device 
23 to listen. 


REN;ATN«UNL;MTA;LAG 

! 


; RESET" 


Send IFC, cancel REN, 


IFC;REN:REN 


■ SPOLL(723) 


Address device 23 to talk, 
Conduct serial poll. 


ATN*UNL;MLA;TAG;SPE;ATN , 
status bvie;ATN«SPD;UNT 


TRIGGER 7 


Send GET 


ATN'GET 


TRIGGER -723 


Address device 23 to listen, 
Send GET 


.ATN»UNL;MTA;LAG:GET 



!££E-«48 OPERATION 



Two commands not previously covered ai^ MLA (My 
Listen Address) and MTA (My Talk Address). These are 
ordinary PCG (Primary Command Group) addresses sent 
by die HP-85 to facilitate bus operation, 



MOTS 

The HP-85 address is set to 21 at the factory, Since 
each device on the bus must have a unique 
pnmary address, do not program the Model 775 
for the controller's address to avoid possible 
conflicts. 



3.8.3 Interface Function Codes 

The interface function codes are part of the IEEE-4884978 
standards, These codes deftne an in.strument's ability to 
support various interface functions and should not be con- 
futed with programming commatids found elsewhere in 
this manuai. 



Table 3-7 lists the codes for the Model 775, These codes 
are also listed for convenience on the rear panel of the in- 
strument immediately above the IEEE connector, Tfie 
numeric value following each one or two letter code 
defines Model 775 capabilities as follows: 

Sid (Source Handshake Function)— The ability for the 
Model 775 to initiate the transfer of message/data ori the 
data bus is provided by the SH function, 

AH (Acceptor Handshake Function)— The ability for the 
Model 775 to. guarantee proper inception of message/data 
on the data bus is provided by the AH function. 

T (Talker Function)— The ability for the Mode! 775 to send 
device-dependent data over the bus (to other devices) is 
provided by the T function. Model 775 talker capabilities 
exist only after the instrument has been addressed to talk. 

L (Listener Function)— The ability for the Model 775 to 
receive device-dependent data over the bus (from other 
devices) is provided by the L function, Li,stener function 
capabilities of the Model 77.5 exist only after it has been 
addressed to listen. 



SR (Service Request Function)“=n1\€ ability for the Mode! 
775 to request service from the controller is provided by 
the SR hinction. 

RL (Remote* local Function)— The ability for the Model 775 
to placed in the remote or local modes is prtjvtded by 
the RL function. 

PP (Parallel Poll Function)— The Model 775 does not have 
parallel polling capabilities. 

DC (Device Clear Function)— The ability for the Model 775 
to be cleared (initialized) is provided by the DC function. 

Dt (Device Trigger Fund:ion)— The ability for the Model 
775 to have its readings triggered is provided by the EfT 
function, 

C (Controller FimcHon)— The Model 775 does not have con- 
troller capabilities. 

TE (Extended Talker Capabilities)— The Model 775 does not 
have extended talker capabilities. 

LE (Extended Listener Capabilities)— The Model 775 does 
not have extended listener capabilities. 



Tabis 3==?. P^d@l 77S lutsilags FunctiOfi COf 



Code 


Interface Function 


SHI 


Source Handshake CapabOity 


AHl 


Acceptor Handshake Capability 


T6 


Talker (Basic "^ker. Serial Polk Unad- 




dressed To Talk On LAG) 


L4 


Listener (Basic Listener, Unaddressed To 




Listen On XAGl 


SRI 


Service Request Capability 


RLl 


Remote/Local Capability 


PPG 


No Parallel Poll Capability 


DCl 


Device Clear Capabiiitv 


on 


Device Trigger Capabifity 


CO 


No Controller Capability 


£1 


Open Collector Bus Drivers 


TEO 


No Extended Talker Capabilities 


LEO 


No Extended Listener Capabilities 



3’12 







Interface commarids contrtjlling Model 775 operation are 
listed in Table 3-8. Not included in the table are dwice- 
dependent commands, which are covered in detail in 
paragraph 3.10. 



Table 3-8. IEEE Commsnd Groups 



Unaddressed Commands — No primary address is required 
for these Q:ommands. AH devices equipment to impiernent 
these commands will do so simultaneously when die com- 
mand is sent. 



General bus commands are summarized in Table 3-9, 
which also lists the HP-85 BASIC s&ternent that sends each 
command. Each addressed command statement assumes 
a primary address of 23. 



HANDSHAKE COM?vlAND GROUP 
DAODATA ACCEI^ED 
RFD-RBADY FOR DATA 
DAWDAXA VAUD 
UNIVERSAL COMMAND GROUP 
ATN«ATTENTION 
DCL-DE^/ICE CLEAR 
IFC=*INTERFACE CLEAR 
LLO-LOCAL LOCKOUT 
REN-REMOTE ENABLE 
SPD-SERIAL POLL DISABLE 
5PE-SERIAL POLL ENABLE 
ADDRESS COMMAND GROUP 
LISTEN: LAG^LISTEN ADDRESS GROUP 
MLA-MY LISTEN ADDRESS 
UNL-UNUSTEN 

miK: XAG-mLK ADDRESS GROUP 
MXA-MY TALK ADDRESS 
UNT-UNTALK 

OXA-OTHER TALK ADDRESS 
ADDRESSED COMMAND GROUP 

ACG-ADDRESSED COMMAND 
GROUP 

GET-GROUP EXECUTE TRIGGER 
CTl=GO TO LOCAL 

SDC = Select [V'E clear 

STATUS COMMAND GROUP 

RQS-REQUEST SERVICE 
SRQ-SERIAL POLL REQUEST 
STB-SXATUS BYTE 
END-EOI 



3.9 GENERAL BUS COMMAND 
PROGRAMMING 

General bus commands are those commands which have 
the same general meaning regardless of instrument con- 
figuration. These coms'iands are grouped into two 
categories: 

Addressed Commands— These commands require ihat the 
priinar)' address of the instrument agrees with the primaiy 
address in the controller's programming language, 



NOTE 

The Model 775 rear panel address switches must 
be set for a primary address of 23 to work with 
addressed command examples. 



fab{@ 3-9. General Bus Commands 



r 

' 

Command 


Addressing 
Required ? 


HP-85 BASIC 
Statements 


REN 


\es 


REMCTE 723 


IFC 


No 


ABORTIO 7 


LLO 


No 


local lockout 7 


GTL 


Yes 


LOCAL 72.3 


DCL 


No 


CLEAR 7 


SDC 


Yes 


CLhAR 723 


GET^ 


Yes 


TRIGGER 723 


GET" 


No 


TRIGGER 7 



*GET m-ay be sent with or without addressing. 



3.9.1 REN (Remote Enable) 

The remote enable command is sent to the Model 775 by 
the controller to set the instrument up for remote opera- 
tion. Generally, this should be done before attempting to 
program the in-strument over the bus. The Model 775 will 
indicate that it is in the remote mode by illuminating 
front panel REMOTE indicator, 



Tj place the Model 775 in the remote mode, the conm)iii:;r 
must perform the following steps: 

1, Set the REN line true, 

2. Address the Model 775 to listen. 



Setting REM true without addressing •wi.li not 
cause tile REMOTE indicator to turn on; however, 
once REN is true, the REMOTE light will turn on 
the next time an addressed command is received. 




Programming Ex«mple-“This sequence is automatically 
sent by the HP-85 when the following is typed into the 
keyboard, 

REMOTE 723 



After the END LINE key is pressed, the Model 775 
REMOTE indicator light should come on. If not, check to 
see that the instrument is set for the proper primary ad- 
dress. Also, check to see that ail bus connections are tight, 



3J*2 IFC (Interface Clear) 

T|ie IFC command is sent by the controller to set the Model 
775 to the talk and listen idle states. 



To send the IFC command, the controller need only set 
the IFC line true, 

ABORT 10 7 



Alter rhe END LINE key is pressed, the Model 775 is in 
the talk and listen idle states. 




The GTL command is used to take the instrument out of 
the remote mode. To send the GTL command, the con- 
troller must perform the following sequence: 

1, Set ATN true. 

2, Address the Model 775 to listen. 

3, Place the GTL command on the bus. 

NOTE 

The GTL command does not remove the local 
lockout state. With the local lockout condition 
previously set, the GTL command will enable front 
panel control operation until the next time q 
!l:?tener address command is received. This places 
the Model 775 in the local lockout state again. 

Programming Example — If the instrument is not in the 
remote and lockout modes, enter the following statements 
into the HP-85 computer; 

REMOTE 723 
L ‘A AL LOCKOUT 



Check to see that the REMOTE indicator is on and that 
3,9.3 LlQ (Local Lockout) the front panel controls are locked out. The GTL command 

sequence is automatically sent by the HP-S5 with the 

The LLO command is sent by the controller to remove the following statement. 

Model 775 from the local operating mode. Once the unit 

receives the LLO command, all its front panel controls (ex- LUL-At. TL-s 

cep? POWER) vvill be inoperative. 

Note that the REMOTE Light on the front panel turns off. 



The REN bus line must be true before the instru- 
ment will respond to an LLO command, Pront panel control operation can.be restored by setting 

the REN line false with the following HP-85 statement; 

To lock out the front panel controls of the Model 775, the LllhL 7 

controller must perform the follovs'ing steps: 

1. Set ATN true. After executing this statement, the front panel controls will 

2. Send the LLO command to the instrument, again operate, 



Programming Example— -This sequence is automatically 
pertormed by the HP-85 when the following statement se- 
c|uence i.s typed into the keyboard: 



NOTE 

Setting REN false with the LOCAL 7 .statement will 
also take the instrument out of the remote mode. 



LOCAL LOCKOUT 7 





3.9,5 DCL (Device Clear) 

The DCL command may be used to dear the Model 775, 
setting it to a known state. Note that all d^nices on, the bus 
equipped to respond to a DCL u-ill do so simuitaneouslv. 
■'A'lien the Mocfel 775 receives a DCL command, it will 
return to the default, conditions listed in Table 3*10, 



"!b send s DCL command, the controller must perform the 
following steps: 

1 Set ATM true. 

2. Place the DCL command on the bus. 



Tsbio 3-10. Defsuit Conditlong |$tatu$ Upon Power 
Up or After SDC or DCU 



Mode 


Value 


Status 


Function 


PO 


Frequency' on channel A, 


Coupling 


ACO 


DC coupie-d on channel A. 


Attenuator 


A_^ 


xl attenuator on channel A, 


Filter 


AFO 


Filter off on channel A. 


blope 


ASO 


Positix'e slope on channel A. 


Coupling 


BCO 


DC coupled on channel B, 


Attenuator 


BAO 


xl attenuator on channel B. 


Filter 


BFB 


Filter off on channel B. 


Slope 

Delay 




Positi%^e slope on channel 8, 

Delay disabled. 


10 


Display Mode 


DO 


Display the mea-surement. 


! Data Format 


PG 


Reading with prefix, without 






reading zew. 


Displayed Digits 


N9 


Set maximim displayed 




digits to 9. 


EOI 


KD 


EOI enabled, 


SKQ Mask 


MOO 


SRQ disabled. 


ILste 


bl 


Kojjnai 3rdgs per .second. 


Terminator 


YO 


CR LF 


Gate Time 


GO 


One second gate time. 


Delay Time 


WO 


One second delay time. 
(Tv 


Trigger Level 


ALO 


Trigger Level 


BLO 


OV 


Totalize 


TOO 


Totalize A by B 



Programming Example— Place the instrument in the fre- 
quency B measurement mode using the front panel con- 
trols, Also, enable the AC and filter inodes, Now enter the 
following statement into the HP-^: 

CLtm 7 



When the END LINE key is pressed, the instrument 
returns to power-up sfetus. 



ZMM SOG (Seiective Davies Clear) 

The SDC command performs the same function ss the 
DCL command except that only the addresr^ed device 
responds. Tnis command is useful for dealing only a 
selected instmment instead of ail ctevices simultaneously, 
Ihe Model 775 will return to the default condition,s li, sted 
in Table 340 when responding to an SDC command, 



To transmit the SDC command, the controller must per- 
form th,e following steps: 

1. Set AIN true, 

2. Address the Model 775 to listen. 

3. Place the SDC command on the data bus. 

Programming Example— Using the front pane! coiutoLs, 
place the instrument in the frequency B measureinunt 
mods and enable the A.C and filter modes. Now enter the 
foilovv/'ing statement into the IiP-85: 

CLEAR 712 



Note that the instrument did not respond because the SDC 
command was sent with a primary- address of 12,. Now 
enter the following statement into the HF-85 keyboard: 

CLEAR 723 



This time tiie instrument returns to the defauli: conditiems 
listed in Table 3-10. 



3,9J GET (Group Extout^ Trigger) 

The GET command is sent to the Model 775 to arm the 
instniment, Using the GET command is only one of se\'eral 
methods that can be used to initiate readings. More de- 
tailed inionnation on triggering including GET can be 
found in paragraph 3.10.18. 



To send GET command over the bus, the controller must 
perform the following sequence: 

1, Set Al'N true, 

2, Addre,ss the Model 775 to listen. 

3, Place the GET command on the data. 

GET can also be sent without addressing by omitting step 






I^ograisiming Exampls— Type in the following statement 
into the HP-85 keyboard: 

REMOTE 723 



Place the instrument in the one-shot on GET bri,gger mode 
with the foilovving statement; 

OUTPUT 723; • ‘SOX’ ’ 



When the END LINE key is pressed, the GATE LED will 
stop Hashing and the HOLD LED will light indicating the 
instrument is waiting for a trigger. 



The instrument may be triggered to take a single reading 
with the foiiowing statement: 

TRIGGER 723 



The GArH LSD w^lil flash once, indicating ihat one reading 
has been processed. 

NOTE 

The Model 775 will also re.spond to GET without 
addressing. This command is sent with the foliow- 
■ng HF-85 statement: TRIGGER 7. 

NOTE 

The Model 775 will open the gate and complete 
a reading, only if a signal is applied to the input 
and H proper trigger level has been set. 

The preceding examples use device-dependent command,? 
to place the instrument in the appropriate trigger m.odes. 
These commands are covered in detail in paragraph 3,10. 



3.9.8 Serial PoiHng (SPE, SPD) 

The serial polling sequence is used to obtain the Model 
775 .status byte. Usually- the serial polling sequence is 
used to determine which of several devices has requested 
service over the SRQ line. However, the serial polling .se- 
quence may be used at any time to obtain the status byte 
from the Model 775 for more information on status byte 
format, refer to paragraph 3.10.15, 



The .seri?4l polling sequence is. conducted as follows; 
1, The controller sets the ATN line true, 



2. The SPE (Serial Poll Enable) command is placed on the 
bu.s by the controller. 

3. The Model 775 is addressed to talk, 

4. The controller sets ATN false. 

5. The instrument then places its Status byte on the bus 
to be read by the controller. 

6. The controller then sets the ATN line low and places 
SPD (Serial Poll Disable) on the bus to end the serial 
polling sequence. 



Steps 3 through 5 may be repeated for other instruments 
on the bus by using the correct talk address for each in- 
strument. ATN must be true when the talk address is 
transmitted and false when the status byte is read, 



Prograinrning Example— The HP-85 SPOIL statement 
automatically performs the serial polling sequence. To 
demonstrate serial polling, momentarily powerdown the 
Mode! 775 and enter the following statements into the 
HP-85 keyboard; 

REMOTE 723 
G^SPOLL 723 
DISP 3 



When END LINE is pressed the second time, the computer 
performs the serial polling sequence. When END LINE is 
pressed the last time, the status byte value is displayed 
on the CRT, Paragraph 3.10.15 covers the status byte for- 
mat in detail, 



3.10 DEVICE-DEPENDENT COMMAND 

PROGRAMMING 

IEEE-488 device-dependent commandvS are sent to the 
Model 775 to control various operating modes sucli as 
function, trigger levels,, gate time, filter and data format. 
Each command is made up of an ASCII alpha character 
followed by one of more numbers designating specific 
parameters, For example, a function is programmed by sen- 
ding an ASCII "F" followed by numbers representing the 
function, The IEEE bus treats device-dependent com- 
mands as data in that ATN is high when the commands 
are transmitted, 



A number of commands may be grouped together in one 
string. The Model 775 will ignore all nonprintable ASCII 
characters (00 HEX through IF HEX) and space character 
(20 HEX) will be ignored. A command string is terminated 
by an ASCII "X" character which tells the Instrument to 
execute the command string. 






If an illegal command or command parameter is present 
within a command string, the instrument 

1, Ignore the entire command string. 

2, Display appropriate front pane) error messages. 

3.. Set certain bits in its status byte, 

4. Generate an SRQ if programmed to do so. 

These programming aspects are covered in paragraphs 
3,10/15 ancf3.ll. 



Hl^-35 examples are mduded throughout this section to 
clarify programming. 



NOTE 

Before performing a programming example, it irs 
recommended that ^ instrament be set to its 
default values by sending an SDC over the bus, 
See paragraph 3.9,6 for formation on using the 
SDC command. 



If the HF*85 should become "hung up' at any point, opera- 
tion may be restored by holding the SHIFT ke\^ down and. 
then pressing RBSET on the keyboard. 



In order to send a device-dependerst command, the con- 
troller must perform the following sequence; 



ISEE^48S OPEBATiON 



1. Set A.TN true. 

2. Address the Model 775 to listen. 

3, Set ATN false. 

4, Send the command string over the data bus one byte 
at a time. 



Programming Example— Device-depeitdent comma.nds a.i:e 
sent by the I-iP-85 using the following statement: 

OUTPUT 723.^ 



AS in this case contains the ASCII characters that form the 
comniand string. 



NOTE 

REN must be true when attempting to oroerarn 
the Model 775. ' ' 



Commands that affect the Model 775 are listed ;.n Tabie 
341. All the commands listed in the Table 341 are covered 
in detail in the following paragraphs. 

NOTE 

Programmmg Examples that follow' assume that 
the Model 775 primary address is at its tactorv' set- 
ting 23. 






Mode 


Command 


Description 


Function 


FO 


Frequency on Channel A 




n 


Frequency on Channel B 




F2 


Period oh. Channel A 




F3 


Period average on Channel A 




,F4 


Time interval from A to B 




F5 


Pulse on Channel A 




F6 


Frequency/ on Channel C 


: 


F7 


Totalize on Channel A 


Coupling 


ACO 


DC coupled on Channel A 




ACl 


AC coupled on Channel A 




BCO 


DC coupled on Channel B 




BCl 


AC coupled on Channel B 


Attenuator 


AAD 


XI attenuator on Channel A 




AAl 


XlO attenuator on Channel A 




BAO 


XI attenuator on. Channel B 




BAi 


XlO attenuator or\ Channel B 


Filter 


AFQ 


Filter Off on Cnannei A 




AFl. 


Filter On on Channel A 


j 


BFO 


Filter Off on Channel B 


1 


BFl 


Filter On on Channel B 










Mode 


Command 


Description 


Slope 


ASO 


Positive Slope an Channel A 


ASl 


Negative Slope on Channel A 




BSO 


Positive Slope on Channel B 




BSl 


Negative Slope on Channel B 


Trigger Ij?vei 


ALn 


Set Trigger Ixsvel for Channel A 


BU 


Set Trigger Level for Channel B 
n>*(sign)d.ddE(sign)d 








d» digit 


Rate 


SO 


One-shot on T, GET or external timing. 




SI 


Normal, 3 readings per second, 




S2 


Fast. 25 readings per second. 




S3 


Dump, 140 readings per second, BCD format. 


Gate Time 


Gn 


Set the gate time in seconds. 

n=dE(sign)d 

d= digit 




GU 


Set gate time to user gate. 


Dcday Time 


Wn 


Set the delay time in seconds. 
n=d.E(sig.n)d 




WU 


d« digit 

Set delay time to user delay. 


; Delay 


rp 

il 


Delay disabled 
Delay enabled 


1 Displayed Digits 


Nn 


Set the ma.ximum displayed digits (n-3 to 9) 


i 


T 


One-shot in 50 mode 


i EOI 


W 


BOI enabled 




K'l 


EOI disabled 


1 SRQ Mask 


MO 

Ml 

M2 

M8 


SRQ disabled 
SRQ on Dverflov/ 

SRQ on seli-test done 
SRQ on reading done 




M16 


SRQ on readv 




M32 


SRQ on error 


i Terminator 


YO 


a'-l L.F 




Y1 


LF C.R 




Y2 


CR 






LF 




Y4 


No Terminator 


Display Mode 


DO 


Display the Measurement 


D1 


Display the Gate Time ! 




D2 


Display the Delay Time ■ ^ 


! 


D3 


Displav the Trigger Levels i 


; 


D4 


Display the Totalize gate option ; 


i 


D5 


Display the ASCII message 


i Data Format 


PO 


Reading with prefix, without leading zero. 




PI 


Reading without prefix, without leading zero. 


i 


P2 


Reading with prefix, with leading zero. 




P3 


Reading without prefix, with leading zero. 




rnmm 


Totalize A bv B 






Cumulative Totalize 









Mode 


Cojrmmnd 


Description 


Self Test 


I 


Test ROM, RAM 


Data Control 


BO 


Send measuring data string. 




B1 


Send gate time data string, 




B2 


Send cleiav time data string, 




B3 


Send trigger level A data string. 




B4 


Send trigger level B data string. 


Status Word 


UO 


Seird operating mode status. 




U1 


Send error status. 


Execute 


X 


Execute other device-dependent commands. 



3=10.1 Execute (X) 

Tl'ie execute command is implemented by sending an 
ASCII "X” over the bus. Its purpose is to teil the Model 
775 to execute other device-dependent commands. 
Generally’, the “X!' ch^acter is the last byte in the com- 
mand string. 



NOTE 

A command string sent without an execute 
character will not be executed at that tinte, but will 
be stored in the command biitfer, ITie next time 
an execute- character command is received, the 
stored commands will be executed, assuming all 
commands in the previous string were valid. 

Programming Example— Enter the following statements in- 
to the HP-85 keyboard: 

remote: 

OUTPUT 72Zi ^ 



When EK'D LINE key is pressed the second time, the front 
panel LISTEN LED flashes on then off, showing that the 
instrument received the command. No other changes will 
occur with this example because no other commands were 
given. 



3.10.2 Function (F) 

The function commands select the type of measurement 
made by the Model 775A. The eigiit parameters associated 
with the function command set the instrument to measure 
FREO A, FREQ B, PERIOD A, PERIOD AVG A, TIME 
A— B, PL5 A and Tbtalize, and with Model 7751 option 
installed, 'FREQ C. Tne function may be programmed by 
sending one of the following commands: 



F0«FREQ A 
Fl-FR.HQ B 
F2-PERIOD A 
F3-PERIOD AVG A 
F4»TIME A-B 
F5-PLS A 
F6-Fk£Q C 
F7-Totali.ze 

Upon pov/er-up, or after the instrument receives a DCL 
or S'DC command, the FO mode will be enabied, 



Programming Example — Place the Model 775 in the i're- 
auency A function from the front panel and enter ihe 
foliowing statements into the HF-85 keyboard: 

FEMOTE 7ZZ 
OUTPUT 723 j ‘ ‘F2X' ' 



After the END LINE KEY is pressed the second Urne, the 
Model 775 will change to the period A function as shown 
by the PERIOD A indicator light, 

3=10.3 Channels A. S Coupling (AC, BC) 

The coupling command gives the user control over the in- 
put coupling of the channel A and B inputs for the Mode! 
775. The coupling may be progranuned by sending one 
of the following commands: 

AC0=DC coupling CH.AN A 
AC1=AC coupling CHAN A 
BCO^DC coupling CHAN B 
BC1=AC coupling CHAN B 




upon power-up, or after receiving a DCL or 5DC, the in- 
strument will be in the ACO and BCO. 



Programming Example— Select AC coupiing with the front 
Dime) DC/aC button, Enter the coHowhng ytatements into 
HP-85: 

REMOTE ?S.'5 
OUTPUT ‘ • ACOhP ' 



When END LINE is pressed the second time, the AC LED 
indicator turns off and the instrument switches to DC 
coupling. 



3,10.4 Channels A, B Attenuator (AA, BA) 

The attenuator command gives the user control over the 
input attenuator mode of the channels A and B inputs for 
the Model 775. The attenuator may be programmed by sen- 
ding one of the follow'ing command.,; 

AAG-x'I attenuator 

A. Ai-xlO attenuator 
SaO^xX attenuator 

B, Alii,xlO attenuator 

Lppon power-up, or after receiving a DCL or SDC, the in- 
slTument wiil be in AAO and BAD. 



Example— Select the XIO attenuator with the 
i'r'.>nt panel ATTEN button. Enter the foiiowing statements 
into HP-85: 

REMOTE 

OUTPUT ‘ ^ 



When END LINE is pressed the second time, the XIO LED 
indicator turns off and the instrument switches to XI 
attenuation, 



3.10.5 Channels A, B Fi!t@r (AF, BF) 

The filter on/off command gives the user control over the 
ittput filter of the channels A and B inputs for the Model 
775. T'ho filter may be programmed by sending one of the 
following cutnmands: 

AFO=^Filter off 
. \ FI = Piter on 



BFO-Filter off 
BF1-Fi!ler on 

Upon power-up, or after receiving a DCL or SDC, the in- 
strument will be in AFO and 8F0. 



Progra.mming Example— Select the filter off with the front 
panel FI.TR button. Enter the following statements into 
HP-85; 

REMOTE 723 
OUTPUT 723 j ‘‘HFIX’ •’ 



When. END LINE is pressed the second time, the FLTR 
LED indicator turns on and the instrument switches the 
filter on. 



3.10,6 Channels A, B Slope (AS, BS) 

The slope .selection. command gives the user control over 
the input slope mode of the channels A and B inputs for 
the Model 775. The slope may be programmed by .sending 
one of the following commands: 

,ASO=Positive slope 
AS'WNegative slope 
BSO^^Positive Slope 
DS1 = Negative Slope 

Upon power-up, or after receiving a DCL or SDC, the in- 
.stmment will be in the ASO and B50. 



Programming Example—Select the positive slope with the 
iron: panel SLOPE button. Enter the follov/ing statements 
into 1 IP-85 : 

REMOTE 723 
OUTPUT 723 I ‘ *■ RSIX^ ’ 



When END LINE is pressed the second time, the negative 
slope LED indicator turns on and the instrument switches 
to negative slope. 



3,10.7 Channels A, B Trigger Level (Al, BL) 

The trigger level selection command gives the user con- 
trol over the input threshold point on.the signal applied 
to the channels A and B inputs of the Model 775. The trig- 
ger mode may be programmed by sending a command us- 
ing the following fonnat: 




ALn 

BLn 

Where n is the trigger ievei in volts in engineering format 
e.g. (<sjgn>D.DDE<gign>D), The sign and the expo> 
nent are optional. The tri^er level may range from '2,35 
to -f 2.55V in lOmV steps or from *25.5 to -f 15,5V in lOOmV 
steps. Selecting a tri^er level in the range of "2.55V to 
+2.55V wiE automatically set up the xl attenuator, Selec- 
ting a trigger level in the range of -25.5V to +25. 5V wOI 
change the attenuator setting internally to the xlO at- 
tenuator mode. 



Upon power-up, or after receiving a DCL or SDC, the in- 
strument v/ill w in ALO and BLO (trigger levels at 0,00V), 



Frogrammifig Example— Select the trigger level O.OOV' by 
pressing simultaneously the LEVEL A and buttons, 
Select xl attenuator mode. Enter the following statements 
into HP-85: 

PEHOTE 723 
OUTPUT 723^^‘]}3X’' 

OUTPUT ‘AL+10,0X^ ^ 



WTien END LINE is pressed the second time the Model 
775 emere the trigger level display mode (More detailed 
iriformation on all display modes, induding D3 can be 
found in paragraph 3.10.16), Obscn'e that the trigger level 

on channel A is O.IXIV, 



Wnen END LINE b pressed the third time, the xlO in- 
dkator turns on and the trigger level for channel A is set 
to + 10.0V. 



NOTE 

To increase flexibility, the Model 775 was de- 
signed in such a way to allow free format in pro- 
gramming the tn^er level. In the previous exam- 
ple therefore, the last line may be replaced with 
one of the following lines; 

OUTPUT 723 

OUTPUT 72SM‘AL+1E1;M' 

OUTPUT 723 i ‘ 'AL0D01 ,O0E+l>-7 ' 
OUTPUT 723; ^ AL+ 106000 , OQOE ■ 4:«;’ ’ 




The rate command gives the user control over the rneasur- 
ing rate of the Model 775.'Rate command parameters are 
rium.inarizsd in Table 342. 



The instrument will be in the Si mode upon pov/er-up, 

or after receiving a DCL or SDC command. 

NOTES 

1, The rate of transfer of information from the Model 77 
depend.s to a great extent on the gate time, rable 3- 
lists the measuring rates, with the shortest gate tim.e 
selected, 

2, Trie data output format for the S3 mode is differee.t 

the data output format for all the other modes iMor'? 
detailed information on data output format for the dump 
mode (53), can be found in paragraph .3.11,5). 

3, It may appear that GATE light does not flash vchen ti-.e 
fast rate mode (S2) is selected. This h bc-cau.se the 
microcomputer is busy performing the fasi r;.uc' 
measurements and therrfore cannot update the CATE 
light. 



Commsnd 


Mode 


Measuring Rate 


Process Time . 

Between 

Measurement.'; 


SO 


Hold 


One-shot on T, GET or 
external arming input. 




St 


Normal 


3 readings per sec, 


275smec max 


S2 


Fast* 


25 readings per sec. 


27smec max 


S3 


Dump* 


140 readings per sue. 


5.5msec max 



*Can not be selected through front panel programming. 



•o C 




Programiriing Example — Observe that the HOLD LED is 
oif, Ir the indicator is on, press the MODE button on the 
front panel of Model 775 to turn the HOLD LED off, Enter 
the follo-tving statements into HP-85: 

REMOTE 723 
OUTPUT 723; ‘ ^ 



When END LINE is pressed the second time, the front 
panel HOLD LED will turn on, indicating that the one- 
shot mode is enabled. 



3.10.9 Gate Time (Q) 

The gate time command contmis the time that the gate re- 
rnains open. The gate time may be programmed by sen- 
ding a command using the following format: 

Gn 

Vv'here n is the gate time in seconds in engineering for- 
mat e.g. (DE<sign>D). The sign and the exponent are 
opvional. The allowable values for .sate time are listed in 
Dble 3T3. 



Upon power-up, or after receiving a DCL or SDC, the in- 
strument will be in the G1 mode, with a gate time of one 
second. 



The gate time may be programmed to the external use;' 
gate time bv sending a command using the following for- 
mat: GU 



Programming Example-Select the frequency .A function, 
then select the gate time of one second by pressing 
simultaneously the GATE/DELAY TIME A and T buttons 
on the front panel. Enter the following statements into 
HP-85: 

REMOTE 72.3 
OUTPUT 723 ‘ • D I X * ’ 

OUTPUT 723.. ‘ ‘C0.5X^ •' 



When END LINE is pressed the second time the Model 
775 enters the gate time display mode. (More detailed in- 
formation on ail display modes; including Dl, can be found 
in. paragraph 3.10,16.) Observe that the gate time is one se- 
cond, When END LINE is pressed the thiid tin\e, the gate 
time is set to .500msec. 



Men's 

To increase flexibility, the Model 775 was de- 
signed in such a way to allow free format in pro- 
gramming the gate time. In the previous example 
therefore, the last line may be replaced with one 
of the following lines: 

OUTPUT 723 ,i ■ ‘G50SE-3X^ ' 

OUTPUT ?23W‘G5E- IX’ ' 

OUTPUT 723.;''0.5X” 

OUTPUT 723.; ‘ ^ GOOSQOO . 6O05E+3X’ ’ 



3.10,10 Dalay Time (W) 

The delay time command controls the amount of delay in 
closing the gate after the gate was <'pen. The delay time 
mods may be programmed using a command with the 
following format: 

Wn 

Where n is the delay time is seconds in engineering for- 
mat e.g (DE<sign>b). The sign and the exponent are op- 
tional , Tire allowed values for delay time are listed in Ttble 
3-B. 



Upon power-up, or after receiving a DCL or SDC, the in- 
strumenr will be in the W1 mode (delay time of one 

second), 



The delay time may be programmed to externa! delay by 
sending a command using the following format; WU 



Programming Example^- Select TIME A—B function, then 
select a delay time of one second by pressing 
simultaneously the GATE.'DELAY TIK-iE A and buttons 
on the front panel of the Model 775. Enter the following 
.statements into the HP-85: 

REMOTE 723 
OUTPUT 723 ; ‘ ‘ D2>G ’ 

OUTPUT 723 ,i ‘ ‘GO, 03X’ ^ 



When END LINE is pres.sed the second time the Model 
775 enters in delay time display mode. {More detailed in- 
formation on all display modes; including D2, caii be 
found in paragraph 110.16). Observ-e that the delay time 
is one second. When END LINE is pressed the third time, 
the delay time is set to 30msec. 








NOTE 

To in^:rease flexlbiUt>^ the Model 775 v;as de- 
signed in such a way to allow free format in program- 
ming the delay time. In the previous example therfore, 
the last line may be repla<«d v;lth one of the following 
lines: 

OUTPUT 723 j * ‘U30E-3X^ ' 

OUTPUT 723; 

OUTPUT 723 i ‘ ‘ N2.00O0O . 000032 Siv' •' 



Table 3-13. Gate/Delay Time Precfetermtned 
Values 



lOO^sec 


1msec 


10msec 


100msec 


Isec 


IDsec 


200;tsec 


2msec 


20msec 


200msec 


2sec 




300>isec 


3msec 


30msec 


SOOmsec 


3sec 




400/iSec 


4msec 


40msec 


4CK}msec 


4sec 




SOOjisec 


5msec 


50msec 


5(X)msec 


5sec 




6Qdi^sec 


6msec 


60msec 


600msec 


6sec 




700^-sec 


7msec 


70msec 


7CK3msec 


7sec- 




S00^.sec 


'-'•Sn^ec 


80msec 


800msec 


8ssc 




900^sec 


9msec 


90msec 


900msec 


9sec 





The delay command gives the user control over the delay 
mode. The delay mode inay be programmed by sending 

one of the following commands: 

^ 10-Delay off 
Il==Delay oi^' 

Upon power-up, or after receiving a DCL or SDC, the in- 
strument will be in the 10 mode. 



Programming Escampis — Select TIME A — B function, then 
select the delay off mode with the froo.t panel MODE but- 
ton. Enter the following statemen'-s into the HP-85: 

REMOTE 723 
OUTPUT 723D ^ nX’ ’ 



When END LINE is pressed the second time, the DELAY 
LED indicator turns on and the instrument switches to the 
delay on mode. 



3.10.12 Displayed Digits (N) 

The displaced digits function sets the maximum number 
of digits that the Model 77^ will display. To program, the 
number of digits send the following command; 



Nn 

Where n may have any value fom 3 to 9. 



Upon power-up, or after receiving a DCL or SDC, the in- 
strument will be set to N9. 



Programming Example— Select the frequency A function, 
then select the gate time of one second by pressing 
simultaneously the GATE/DELAV TIt-/fE A. and ^ buttons. 



Press simultaneously the GATE/DELAY ar\d TRIGGER 
LEVEL DISPLAY buttons and then, press simultaneously 
the GATE/DELAY TIME A and T buttons. This will set 
up the Model 775 to display nine digits. Pre.ss any pushbut- 
ton on the front panel of the Model 775 to return to tlie 
norma! display mode. Apply a signal to the channel A. in- 
put of Model 775 and observe that the frequency oi the 
signal v/ill be displayed v/ith at least eight digits. Kiiter liie 
following statements into the HP-85': 

REMOTE 723 
OUTPUT 723; ‘ UHX’ ’ 



When END LINE is pressed the second time the m,easured 
frequency will be displayed with maximum four digits. 




The "T" and GET commands are used to trigger the .Vlodel 
77.5 over the IEEE bus (see GET 3.9.7). Triggering arms a 
measurerrient cycle. In the continuous mode, the .Model 
775 is always armed. In the one-shot mode (SO), a .separate 
trigger stimulus is required to arm each measurement 
cycle, 



Programming Example— Place the Model 775 into the hold 
mode, Using the MODE button on the front panel of the 
Model 775, apply a signal to the channel A input of .Model 
775 and observe that the GATE LED indicator i.s not 
flashing, indicating the instrument is waiting for a trigger, 
Enter the following statements into the HP-85; 

REMOTE 723 
OUTPUT 723 W* TX7 ’ 



When END LINE is pressed the second time the CAT!:,' 
indicator flashes once, indicating one reading has beer, 
processed, To continue taking readings in this mode, a trig- 
ger is needed for each measurement cycle. 







3,10,14 EDI (K) 

The EOl line on the bus is usually set low by the device 
durirsg the last byte of its data transfer sequence. In this 
way, the last byte is properly identified, allowing variable 
length data words to be transmitted. The Model 773 will 
normally send EOl dtiring the last byte of its data string 
or status word. Tne EOl response of the instrument may 
be sent with one of the following commands; 

K0“Send EOl during last byte. 

Kl^Send no EOl. 

Upon power-up, the >33 mode is enabled. 

Prugramming Exampie—The Model 775 EOl response will 
be suppressed with the following HP-85 statement 
sequence: 

REMOTE 72-5 
OUTPUT 72Z.. ‘ ’ 



NOTE 

HP-85 does not rely on EOl to mark the last byte 
of data transfer. Some controllers, hov/ever, may 
require that BOI be present at the end of 
transmitting. 




Ttie SRQ command controls which of a number of condi- 
tions within the Model. 775 will cause the instrument to 
request serv'ice from the controller with the SRQ line com- 
mand. Once a SRQ is generated, the Model 775 status byte 
Cvan be checked, via serial polling (see paragraph 3.9,8), to 
determine if it was the Model 775 that requested service. 
Other bits in the status byte could also be set depending 
on certain data or error conditions. 



Thg Model 775 can be pro^^unined to generate SRQ imd® 
one or more of the following conditions. 

1. If a reading has been completed, 

2. If an overflow condition occurs. 

3. If an error condition occurs. 

4. If a self test has been completed. 

5. li the Model 775 is ready to receive device- dependent 
commands. 



Upon power-up, or after a DO- or SDC command, SRQ 
is disabled. 



SKQ Mask—In order to facilitate SRQ programming, the 
Model 775 uses an internal mask to generate the SRQ. 
When a particular mask bit is set, the Model 775 will send 
a SRQ when those conditions occur. Bits mthin the mask 
can be controiled by sending the ASCII letter “‘M" fol- 
lowed by a decimal number to set the appropriate bits. 
Table 3-14 lists tiie commands to set the various mask bits, 
while Table 345 lists all legal SRQ mask commands. 



Taiji® 3=14, SRO Commin? 







Bit Number 


B5 


B4 


B3 


B2 


B1 


BO OSB) : 


Command 


Error 


Ready 


Reading 

Done 


0 


Self-Test 

Done 


Overflow 


MO 


No 


No 


No 




No 


No 


Ml 


No 


No 


No 




No 


Yes 


M2 


No 


No 


N'o 




Yes 


No 


M3 


No 


No 


No 




Yes 


Yes 


M8 


No 


No 


Yes 




No 


No 


M9 


No 


No 


Yes 




No 


Yes 1 


MIO 


No 


No 


Yes 




Yes 


No 


Mil 


No 


No 


Yes 




Yes 


Yes 


M16 


No 


Yes 


No 




No 


No 


M17 


No 


Yes 


No 




No 


Yes 


M18 


No 


Yes 


No 




Yes 


No 


M19 


No 


Yes 


No 




Yes 


Yes ! 


M24 


No 


Yes 


Yes 




Mo 


No 


M25 


No 


Yes 


Yes 




No 


Yfes ? 


M26 


No 


Yes 


Yes 




Yes 


No [ 


M27 


Ko 


Yes 


Yes 




Yes 


Yes 


M32 


Yes 


No 


No 




No 


No j 


M33 


Yes 


N.-) 


No 




No 


Yfe® ! 


M34 


Yes 


No 


No 




Yes 


No 


M35 


Yes 


Mo 


No 




Yes 


Yfes 1 


M40 


Yes 


No 


Yes 




No 


No 


M41 


Yes 


No 


Yes 




No 


Yes 


M42 


Yes 


No 


Yes 




Yes 


No 


M43 


Yes 


No 


Yes 




Yes 


Yes i 


M48 


Yes 


Yes 


No 




No 


No 1 


M49 


Yes 


Yes 


No 




No 


Yqs 


M50 


Yes 


Yes 


No 




Yes 


No 


M51 


Yes 


Yes 


No 




Yes 


Yes 


M56 


Yes 


Yes 


Ye,s 




No 


No 


M57 


Yes 


Yes 


Yes 




No 


Yes 


MSB 


Yes 


Yes 


Yes 




Ybs 


No 


M59 


Yes 


Yes 


Yes 




Yes 


Yes 



NOTE 

There are 32 legal SRQ mask commands that are 
possible with the Model 775. Table 3-15 lists ali 
combinations, (e.g. selecting MIO, Model 775 will 
request service after one reading is complete or 
a seif-test occurs,) 



Status Byte Format--rhe status byte contains inforniathjr! 
relating to data and error cor\dltions within the in.stn.iment, 
Table 3-16 lists the meaning of the various bits, The status 
byte is obtained by using the SPE, SPD polling sequence 
described in paragraph 3.9,8, 




IEge-488 OPERATION 




Bit Number 


B7 (MSB) 


Bfe 


B5 


B4 


B3 


B2 


B1 


BO aSB) 


Interpretation 


0 


RQS 


Error 


Ready 


Reading 

Done 


0 


Self Test 
Done 


Overflow 



The various bits in the status byte are described below: 

1, Overflow— When measuring a time interval larger than 
lOOOOsec in SO, Si ar\d S2 modes, the overflow bit will 
be set. In S3 mode, the overflow bit will be set when 
measuring a time interval larger than 9msec or measur- 
ing frequency and PERIOD AVG A with a gate time 
larger than 9msec. This bit is cleared after the Model 
775 is addressed to talk in the BO mode, 

2, Self-Test Done-Set after pow'er-up seif test completion 
or after executing the self test (J) command. 'This bit is 
cleared by reading the error status word (Ul), 
Reading Done— Set after completion of a measurement 
cycle. Tile reading done bit is cleared after the Model 
775 is addressed to talk in the BO mode. 

4. Ready— Set after power-up. This bit is cleared when the 
.Model 775 receives an execute command (X) and is reset 
after the instmment completes the command (Model 775 
i-s ready for the next command string), 

-5. EiTor-Set if an, illegal command has been received or 
gate error has occurred in the last measurement cycle, 
This bit is cleared by reading the error .status word (Ul). 

6, RQS— Model 775 wjil set this bit if one or more condi- 
tions for service request occur, and the SRQ mask, for 
ai Ica.st one of these seivice request conditions enabl- 
ed. This bit is cleared by reading the stthirs byte using 
fhe SPE, SPD polling sequence. 

NGTES 

1, OjK'e the .Model 775 has generated an SRQ, its status 
byte should be read to clear the SRQ line, Otherwi.se 
the instrument will continuou.siy assert the SRQ line, 

2, The Model 775 may be programmed to generate an SKQ 
.for more than one condition simultaneously. Fur exam- 
ple, to set SRQ mask bits for an SRQ if an error occurs 
and when an overflow condition occurs, the following 
command would bo sent: M.33X, All pos,sible mask com- 
binations are listed in Table 3-'15. 

3, If the instrument is programmed to generate an SRQ 
when a reading is done, it will generate the SRQ only 
once when the reading is complete; the SRQ may be 
cleared by reading the status byte. The reading done bit 
in the status byte may then be cleared by requesting a 
normal reading from the instrunront. 



Prograui.ming Example— Enter the following program in- 
to the .HP-85: 



PROGRAM COMMENTS 



10 


REMOTE 72Z 


Set up remote operation, 


L'0 


OUTPUT 723. 


Program for SRQ on 




■ “ M32X’ ’ 


error. 


30 


OUTPUT 723, 


Attempt to program 






illegal command option. 


40 


S=:":PC’LL (723) 


Perform serial poll. 


50 


DTl'P ‘‘B?EbB5B4 
B3 B2 B1 B0‘ ’ 


0 


FOR 1^7 TO 0 STEP 


Loop eight times, 


70 






00 


nd;t I 




00 


BISP 




100 


END 





Pre.s.s the ITI-’-SS RUN key. The computer conducts a serial 
poll and displays the -stakis bits in order on the CRT 
The SRQ (Bb) and the Error (B5) bits are set because line 
30 of the program attempts to program the instrument with 
an illegal command option (F7). The Model 775 will then 
respond with an IddCo Err message which will be diplayed 
for about one second. 

3.10.16 Display Ixodes (D) 

The display command controls what the Model 775A 
places on the display. The six parameters associated with 
the display command set the instrument to display the 
measurement, gate time, delay time, trigger levels, to'talijte 
gate option or an ASCII message. The display mode may 
be programmed by sending one of the following 
commands: 

DO * Me as u.re rne nt 
Dl»Gate Time 
D2™Dela.y Time 
D3>*=TriggGr Levels 
D4«TbtaIize gate option 
D5“ASCII message 





Jn ihe D5 display mode, the ASCII message that can be 

placed on the Model 775A display is liimted by the 

capabilities of the seven segment readout, but; even with 

those limitations, considerable versatility is possible. 

NOl’ES 

1. The maximum number of characters that can be sent 
with the D5 command is 10. Any additional characters 
will be ignored. 

2. Display position 10 (the second, position from the right 
on the displav) is not used in this mode because of its 
limited possibilities, 

3. Any undispUyed character will appear as an underline 
segment. 

4. Decimal points are set on the current display position, 
if possible, and do not advance the display to the next 
position. 

5. Sending a "D5X" command will blank out the displc?v, 

6. The '"DOX" command restores the display to normal 
(measuremgnt) operation. 



Ptogramming Example— Enter the foll ow’ing statements in- 
to the HP-85 keyboard: 

REilOTE 

OUTPUT 723; * ‘D5HELL0 - ?75bh ’ 

When END LINE is pressed the second time, the 

"HELLO-775" message will be di.spiayed. 



3,10.17 Self-Test (J) 

The I command causes the instrument to perform ROM 
and RAM tests similar to the power-up procedure tests. 
When the self-test command is given, the Model 775 per- 
forms the following tests: 

1. RAM test 

2, ROM test 



The J command has no parameters, When the test is com- 
plete the SELF TEST DONE bit in the status byte is set, 
and if the SRQ mask bit for self test done is set, the Mode! 
775 will request service. If the self-test is successful, the 
SELF TEST bit in the U1 error status word (see paragraph 
3.11.2) will be a 0, Otherwise, this bit will be a 1. 



Programming Example — Enter the following statements i:[i- 
10 Ihe HP-85: 

REMOTE 723 
OUTPUT 723 J ‘ ^ 



When the END LINE is pressed the second dine, the In- 
strumerst performs the .seif-test. The result of the .sdi-test 
may be checked by reading the U1 error stann. w'crd. .A 
detailed description on the U1 error status word and. how 
to read it is given in paragraph 3.13.,2. 

3.10.18 Totalize (TO) 

Tine totalize command allows the user to select between 
two galing options; TotaJisse A by B and cumulative totalize, 
Totalize A by B allows the user to limit the amount of time 
that pulse-s are counted; where as, the cumulative totalize 
command allows an infinite gate time. The totalize gate 
option may be programmed by sending one of the follow- 
ing comm.ands, 

TOO--=Totalb.e A by B 
TOl-^Cumulative totalize 

NOTE: The TO command only selects the gate option. The 
,F7 com.niand must also be used to select ll'c tQtaii.ze 
(unction. 

Upon posver up, or after receiving a DCL or SDC, the in- 
strument defaults to TOO. 

Programming Example— With the Model 773.A m the 
Totalize A ty B mode, enter the following statements mtc 
the HF-85 keyboard. 

REMOTE 723 

OUTPUT 723.1 «''F7T0iX»T 

After the END LINE key is pressed a second time, the 
Model 775A ’will change to the cumulative totalize mode, 

ai1 BEADING FROM THE MODEL 775 

The reading sequence is used to obtain from Model 775 
various information strings such as measurement, gate 
time, delay time and trigger levels. Each information str,mg 
is made up of ASCII alpha and alphanumeric character.7 
For more details on the information string formal: refer to 
paragraph 3.11.1. 

The reading sequence is conducted as follows: 

1. The controller sets the ATN line true. 

2. The Model 775 is addressed to talk. 

3. The controller sets ATN false. 

4 . The instrument sends the informatiot'i string over the 
bus one byte at a time. 

5. The controller recognizes that the string is terminated, 

6. The controller sets the ATN line true. 

7. Tire LTsT (untalk) command is placed on the bus by thcr 
controller, 




NOTE 

Most controilors use the CR (Carriage Return) or 
LF (Line l^ed) character to terminate their input 
sequences, but other techniques may be used as 
■vveil to recognize the end of input sequence (e.g. 
EOl litre is low on the bus during the transfer of 
the last byte). 



Programming Exanipie— The command sent by HP-S5 to 
request the data string from the Model 775 has the foliow- 
ing format: 

ENTER ?23;A# 

DISP M 

A$ in this case contains ASCII characters that form the data 
string, 

Upon power-up, or after the instrument receives a DCL 
or SDC command, the Model 775 v/ill respond to a request 
for a data string by sendmg the data string contained in 
the ineasuring buffer. This data strin^ is sent only once 
for each measuring cycle, After this string has been sent, 
the next request for a data string wiU be delayed until com- 
pletion of the next measurement cycle. The data format 
for the measuring string is described in lable 3-1.7, 

lb read other strings of information besides the measur- 
ing bluffer, a data control device-dependent command has 
to 'be sent by the controller. This is covered tn detail in the 
following paragraph. 

3.11=1 Data Control Commands (B) 

The datf! control commands allow access to information 
concerning the present operatingconditions of the instm- 



roenr. When the data control command is given, the Model 
775 will transmit the associated data string instead of Its 
normal data string the next time it is addressed to talJc the 
Model 775 data control commands include; 

B0»«Normal data string (measuring buffer) 

Bl's'Gate Time string 
B2»Delay Time string 
B3 “Trigger Level A string 
B4-'Trigger Level B string 

Table 3-17 shows the general data string format for each 
of five commands. 



NOTES 

1. Data stringy; have fixed length of 14 ASCII characters tor 
the BO command without the prefix and terminator. For 
ail other data strings (Bl, B2 'B3 and B4), the length of 
the data string Ls five ASCII characters without the prefix 
and terminator. If the data string is sent with a prefix, 
four additional .ASCII characters are included (refer to 
paragraph 3.11.4). if the data string is sent wdth one or 
tvvo terminators, the length of the data string increases 
by one or two characters respectively, If the Model 775 
was programmed to the S3 measuring rare (see 
paragraph 3.10,13), the BO data string is no longer ASCII 
characters but 12 binar)-' coded digits (BCD), incor- 
porated mto six ’mnes. See paragraph 3.11,5 for detailed 
iriiormation on using the dump mode (S3). 

2. All data string information, besides the normal data 
string, will be sent only once each time tl^e command 
is .sent, Once the data string is read, the instrument will 
send its normal data string the next time it is addressed 
CO talk, 

3. To ensure that the correct data string is received, the data 
string should be read immediately after sending the 
comin.and, to avoid having an incomet data string 
transmitted. 



Table 3-17. Data String Format 



Command 

' BO— 

i Bl 

B2 
B3 

i B4 

1 


Data String Format* 


Description 


(prefix)+l,.23456789E+0{CR LF) 
GATE-lEnO(CR LF) 
GaTE«>USER (CR LF) 
DLAY-^1E-^0(CR LF) 
DLAV-USER (CR LF) 
TRGA+0.00 ( CR LF) 
TRCE-^0,00 (CR L,F) 


Normal Data String** 

Data String Format for Gate Time 

Data String Format for Delay Time 

Data String Format for Trig Level A 
Data String Format for Trig Level B 



*CR Lf is normal terminator. The terminator may be changed (see paragraph 3,11.3). 
The prefixes are listed in Table 3-1B. 

OThis format is %’alid for ail. measuring rates except for the S3 rate mode. S3 mode is covered 
in more detail in paragraph 3.11.5. 






Data Siring 


Prefixes 


Description | 


BO 


NFRA • 


FREQ A measurements j 




NPRB * 


FREQ B measurements S 




NFER * 


PERIOD A measurements : 




NAVG * 


PERIOD AVERAGE A measurements I 




NTAB * 


'FIME A — B measurements I 




NPLS * 


PULSE A measurements | 




NFRC * 


FREQ C measurements \ 



*The prefix defines a normal or overflow reading as well as the measuring 
function. If a reading is overflow, N- prefix become O' and the number 
is set to: ■►9.99999999E**-9. 



pTXJgraixurJng Exampl#'-»Ente? the iollov/ing piograin in* 3J1.2 StBtUS V/ord (U) 
to the HF-65: 



The status word commands aJIoW's access to iniormat;on 



PK 


3GEAM 


COMMENTS 


concemiFig present operating modes and the error history 
of the insmiment. When the status v--'ord cornmaisg is 


10 


REMOTE ?23 


Set up remote operation. 


given, the Model 775 will transmit the appropriate status 
information instead of its normal data string the nex: time 


20 


OUTPUT ?22^ 


Pro^am Model 775 to 


it is addressed to talk. The Model 775 status word com- 






send the gate time data 


mands include : 




ENTER 


string, 

' Enter reading into 


UO=Operating mode status word 


40 


DiSP 


computer. 

Display reading into 


U'isj Error status word 


S0 


END 


computer, 
Display on CRT 


Table 3-19 show's the general format for each of the status 



words. 



Press the HP-85 RUN The computer reads and 
displays the gate time steing. 





OPERATION 






' • ■ 

, Command 


Status Word Format 


UO 

m 


775 F AC AA AF AS BC BA BF BS I D P N K M * S Y TO (CR LF) 
775 IDDC IDDCO GATEEITOR SFXFTEST 0 0 0 0 0 {CR LF) 



CR LF is normal terminator. The terminator m,ay be changed (see paragraph 3.11.3). 
*The UO status word sends 2 bytes for the M status and 1 byte for all others, 



NOTES 

1, Status word information w'iil be returned only once each 
time the command is sent. Once status is read, the in- 
strument will send its normal data string the next time 
it is addressed to talk. 

2, lb ensure that the correct status is received, the status 
word should read immediately after sending the com- 
mand, to avoid having an incorrect status trsnsniitted. 

3, The status word should not be confu-'ed with the status 
byte. The status word contains a string of bytes pertain- 
ing to the various operating modes of the'instrument. 
The status byte is a single byte that is read with the SPE, 
S'i-O command sequence and contains information on 
SRQ status. 

4, Trie rehair.ed U1 value is 1 tor an IDDC eiTOr, for an IDD- 
CO ent>r, tor a GA3T ERR that occurs eiter the Ui status 
word has been cleared the last time and if the self test 
failed. 

.5. Ul error status word is cleared by reading Ul status 
'woiTi, Reading this status word also dears the seif test 
done and the error bits in the SRQ status byte (see 
paragraph 3.10.15). 



.Programming Example-Enter the following program in' 
to the HP'85: 



PROGRA.M 


COMMENTS 


1^1 


REMOTE 723 


Set up remote operation, 
Program Model ^^75 to 
send the error status 
word, 


■■ 


OUTPUT 72?,; 
• ‘ LI 1 ’ ' 


30 


ENTER 723.1 


Enter reading into 
computer. 


40 

50 


DISP 

END 


Display on CRT 



3,11.3 Terminator (Y) 

To allow for a wide variety of controllers to be used, the 
tenninator can be changed by sending an appropriate com- 
mand over the bus. The default value is the commonly us- 
ed carnage return, line feed (CR LF) sequence (mode YO}. 
The terminator .st'quence wilJ assume this default value 
upon, power-up, or after receiving a DCL or SDC, The ter- 
minator for the Model 775 may be programmed by sen- 
ding one of the following commands: 

Y0-(CR LFj 
Y1.=(L? CR) 

Y2==(CR) 

YfW(LF) 

M-hKo terminator 



NOTE 

Most controllers use the CR or LF character to ter- 
minate their input sequence. Using the no ter- 
minator mode Y4 may cause the controller to hang 
up unless special programming is used. 

Programming Example— -The terminator can be eliminated 
by sending the following HP-85 statements: 

REMOTE 25 

OUTPUT 72.T; ‘ ‘ V4:T ’ 



When END LINE is pressed the second time, the ter- 
minator is suppressed; no terminator wdll be sent by the 
instrument when data is requested. The absence of the 
normal terminator may be verified by entering the follow- 
ing statement into the HP-85 keyboard: 

ENTER 723; 



Press the HP-85 RUN key. The computer reads and 
di'^plays the error status word. 



At this point, the HP-65 ceases to operate because it is 
waiting for the standard CR LF tK’minator sequence to ter- 
minate the HNTF-R statement. The computer may be reset 
by holding down the SHIFT key and then pressing RESET 



on the kes'board. To retym the mstrument to i 
mmator sequence, enter the following state 
HP-85: 

OUTPUT 723; ‘ ‘V8X'' ’ 



The prefix on the data string may be suppressed using this 
command. When the prefix is suppressed the output data 
string is four bytes shorter. The P command, is also used 
to replace leading space character (ASCII 20 HEX) in the 
data string with character 0 (ASCII io HEX). For some con- 
trollers an attempt to read a number, instead of a string, 
will result in a reading error because of its inability to read 
the spaces before the significant digit. To eliminate this 
problem, the Model 775 should be progra.Enmed to send 
the data string wth leading z^ros. P command parameters 
incudc: 

pOsiW’ith prefix, v/ithout leading zero 
Pl^Without prefix, without leading zero 
P2®With prefix, with leading zero 
PS^Without p^fix, with leading zero 



10 REMOTE 723 

20 0UTPUT723; 
‘ ‘ P3B0K^ ^ 



38 ENTER 723 ;ftf 

^■0 DISPAS: 

50 END 



18 te HP-85 RUN key. The compi 
data string without prefix and 



NOTE 



Set up remote 
operation. 

Program Model 775 to 
send the data string 
without prefix and tvith 
leading zeros. 

Enter reading into 
computer. 

Display on CRT. 



and displays 
iing zeros. 



Note that In the previous programming example 
two device-dependent commands have been sent 
in the same command string. 



The S3 rate mode may be used when it is desired to out- 
put Model T/5 readings to the bus at an sxiTemely fast rate 
or to analyze raw measiuement data. In this mode the pro- 
cessing and the display cycles are bypassed and a "busy" 
message is displayed on the front panel. Table 3-20 Lists 
the dump mode specifications and considerations. When 
Model 775 is addressed to talk, the instrument sends a data 
string of 12 binary coded digits (BCD), in six bytes plus 
the terminator if the instrument is in the VO, Y1, Y2 or Y3 
terminator modes. The first six BCD digits are from the 
TIME register and the other six BCD digits are from the 
EVENT reglste?, 

Table 3-21 lists the formulas which are u&ed to calarlate 
the result for the different functions. Examples for ,90me 
calailations are also given. 



rOMMENTS 



Program to exercise 
bir.aiV dump of 775, 



D I Nbf [ 33 } ? 
[1135^(8) 

REHOTE D 
INPUT Gf 
OUTPUT n;G$ 

P«5PuLL CD) 

BISF ‘ • SPOIL-' ’ .:{ 
ENTER D 

FOR I -I TO 6 R( I) 
■-HUM <ATU]>e 
HEFT I 

I = I e GOSUB 2002 
T=R 

!3 GOSUB £002 

£«R 

F=T0 v8«<E/'T> 
DISP ‘ ‘rRE?S«* ’ -F 
DISP ‘ M-Sr.i OF 
RESOLUTION^’ • 

F/T 
DISP ■■ 

) j£ . i »/» » 

GOTO 40 

FOR TO 0 STEP 

i 

p s R 4- ( fij I*^N) MOD 
ifc-f-pt I+N> DIM 
i fea 10 )>«1S V <2)s 
< £ - H ) 

HENT N 
RETURN 



Configure 775 suggest 
"G .00153X7 

BQ is QrLO bit. 

Binary equivaient ot 
BCD string. 

Decimal time vaiue. 

Decimal event count. 



Packed BCD to decimal. 




Device-dep ede nt Conimand: S3 



Display During Dump: 

Processing Time 
Between Measurements: 

Data IVansfer: 



|_ Min imum Rea dings/Se c: 
i Maximum Readings/Sec: 

I Operational Functions 
! Disabled During Dump: 

! Data Format: 



bu,SY 

Less than 5.5rnsec (measurement pro- 
cessing and d isplay are suppressed). 

Controller speed dependent (2.75msec 

using P$I 80), 

4Q (with a gate time of 9.99999msec). 
140 (with a gat e time of lOO^isec). 
Normal display, ej<temai trigger. 



Output R>rmat: 


|t53|i 3T2 TIOD E5,E4 EaH2 E1,E0 




i first byte 


Interpretation; 


TS-ID-TiME REGISTER 
E5-E0-EVENT REGISTER 


Gate Time Limits; 


lOOssec to 9msec with internal gate-time. 
lOO-isec to 9.99999msee with external 



Ot?erflov.' Indication: 999999 in either time or event reg^ters. 

Overflow bit in, the SPOLL byte is .set, 
RQS in Ml mode, 




Conditions that cause overflow; 

1. Gate-time longer than 9.99999msec. 

2. Ir FREQ A or B and PERIOD AVG when maximum frequency x gate 
time is greater than 999,999, but under no condition should gate time be 
longer than 9.99999mssc. 

3. In TIME INTERVAL A to B, PERIOD A arid PULSE A + delay time 
longer than 9.99999msec. 

4. In '^EQ C when frequency/236 x gate time is greater than 999,999. 









Duio.p Outpul Mode Cskaiation Examples? 
Freqti^ncy 



Mode: F0G1E-3Y4S3X 
Output: 



08 


98 ^ 


52' 00 00 


05 



Time Register: 089352 
Event Register: 000005 
5 X 10® 

Frequency: — 5564.706407H2 
89852 

5564-70640^ 

*ISD: « 0.061931914Hz 

89852 

This is rounded to O.lHz, 

Adjusted Frequency Reading; 5.S647E-f-3Hz. 



Period 



Mode; F3Q.E-3Y4S3X 
Output: 



10 


12 


64 


00! 


03 


09 



Time Register: 101264 
Event Raster; 000^309 



101264 X '10-« 

Period Averaged: - 327.7152104 x 

309 

327.7152104 x 10~* 

*LSD: 0.003236245 x 10'* 

101264 

Thl'« is rounded, to .01 x 10"®, 

Adjusted Period Averaged Reading: 327.71E-6sgc. 



rMods7"'P2^4S3X 

i Output; 



73 


22 


7B 


00 


00 


00 



Time Register: 73227^ 

Event Register; 0 

Period: 732278 x ICT® 

Adjusted Period Reading: 7.322?SE”33ec. 



I Mode; F6G9R^3Y4S3X 

i Output: 

( ^ 



9i} ■ 


17 


<50 


: 03 


73 


06 



Time Register; 901789 
Event Register: 037306 



255 X 37306 x 10® 

Freauenc.-^: 10.5^)4565 x KPH?: 

901787 

10,5904565 x 10* 

*LSD: » 0.00001174 x lO^Hz 

901787 

This is roimdeti to O.DOGOl x 10®Hz 
Adjusted Frequency Reading « l.Q59Q4v5E + 9Hz 



*LSD is the least significant usabie digit. 










Function 
FO, FI 



F2,H,F5 



TIME Regist* 
Content (T) 

Timebase 

Counts 

Timebase 

Counts 

I Timebase 
Counts 

Timebase 
i Counts 



Events Counts 
Channel A 
Events Counts 



Events Counts 



Bssult LSD 

CaJcuiation -Calculation 

ExlQ^fH z) JF, 

T T 



Txl O ’ *(sec) 

E 

^TxlO"®(secy 



Per Avg 

T 

lOnssc 



The process ot programming the Model 775 invol 
proper use of syntax. Syntax is defined as the ort 
systematic arrangement of programming comma 
languages. The Model 775 must receive valid corn 
with proper syntax or it will: 



1. Ignore the entire command string in which fr 
command appears. 

2. Set appropriate bits in the status byte and en 

3. Generate an SRQ if programmed to do so. 

4. Display an appropriate front panel message. 



An IDDC error results when the Model 775 re 
invalid command such as OX. This command 
because no such letters exists in the instrumsnts 



iple— To demonstrate an, E 
statements into the HP*^ 



remote: 723 
OUTPUT 723i * * 



Devir;e-dependerit commands are sent as a string of 
ASCII characters. Some examples of valid cor 
strings include: 

FOX Single command string. 

F0D282>: Multiple command string. 

Bl X Space is ignored. 



Examples of invalid command, strings are: 

COX Invalid command; C is not a command. 

F8X Invlaid command option; 8 is not an option of the F 
command. 



Figure 540 shows the front panel error messages employed 
by the Model 775. The messages in Figure 340(a) results 
from an Dlegai Device-Dependent Command (IDDC), 
while the message in Fig\ire 340 (b) results from an Illegal 
Device-Dependent Option (IIDCO). 



ID LDIE is pressed the second tiir.S/ 
in Figure 3-10 (a) is displayed for i 



An IDDCO error <x:curs when the numeric parameter 
associated with a legal command letter is invalid. For ex- 
ample, the command D7X has an invalid option because 
the instrument has no display mode associated with that 



ning Example— -To demonstrate an IDDCO error 
following statements into the HP-8S keyboard; 

REMOTE 723 
OUTPUT 72Zi “D?X' ’ 



When END LINE is pressed the s«:ond time, the eftm 
message in Figure 3-10(b) is displayed for about one 
second. 



3-34 







A. ILieQAL‘DEVtCE DEFENDEiNT COMMANDS (iDDC> 




B. ILLEGAL DeVICE-OEPENOENT COMMAND OPTION (IDDCO) 








4.1 INTRODUCTION 



This section contains information necessary to verify that 
the Model 775 is performing within the specified accuracy. 
Tlie Model 775 spectfications may be found preceding Sec- 
tion 1 of this manual. Ideally performance verification 
should be performed when the instrument is first receiv- 
ed to ensure that no damage or change in calibration has 
occurred during shipment, the verification procedure may 
also be performed" whenever in.strument: operation is 
suspect or following calibration. If performance on any of 
the functions is substandard, adjustments can be pertorm- 
ed as described in Section 6. 



NOTE 

I: the instrument does not meet specificatiom and 
it is still under warranty (less than 12 months since 
date of shipment), contact your Keithley represen- 
tative or the factory to determine the ciction to be 
taken. 



Recommended test equipment for the Model 775 perfor- 
mance verification is fisted in Tkble 4-1. Different equip- 
ment may be used as long as the accuracy specifications 
are equal or exceed the specifications listed in Table 4-1, 

44 INITIAL CONDITIONS 

Before performing the verification procedure.s, make sure 
the Model 775 meets the followir\g conditions: 

1, If the instrument has been subject to temperavures 
below or above SG-^C, allow sufficient time for the 
instrument to reach temperatures 'within the range. 
Generally, it takes one hour to stabilize an instriimeni 
that is id^C (18®F) outside of this range. 

2, Turn on the power to the Model 775 and allow it to 
warm-up for at least two hours before beginning the 
verification procedure. 



IRONMENTAL 



.All measureiRents should be madf at an ambient 
temperature between 0 and 40°C with a relative hum.id.ity 
of' less than 80%. 



PROCEDUl 



The ‘ollovving paragraphs give the basic verificahon pro- 
cedure for th,e following functions; Channels .A, B .uvd C 
inp>ut sensitivity. Period A, Period Averaged .A, Pul:->e .A, 
Time Inteimai A — 3, Delays Ext. Gate/Deiay, and i:xf, 
Arming, 



Table 4"1. Recommended Test Equipment For Performance Verification 



Instrument 


Recommended 

Model 


Specifications 


Oscilloscope 

Multimeter 

; Synthesized Signal Generator 
Function Generator 
lOMHz Standard 


Tektronics 465 
Keithley 175 
Marconi 2019 
HP-3312A 
Oscilloquartz 2200 


lOOMHz handw'idih 
0.1% basic DC accuracy 
1040MHz, lO-'- D-50"C ■ 

13MHz pulse, sine, triangle, triggered : 
10-*«/day, 5xl0-^ 0-5C“C 




NOTE 

Channel C input sensitivity verification pro- 
cedure requires that the Model 7751 option be in- 
stalled. TCXO accuracy verification requires that 
Model 7752 option be installed. 



4.5.1 Channels A, B and C Input Sensitivity 

The input .sensitivity verification procedure is done by ap- 
plying an accurate sine signal to the channels A, B and 
C input terminals and then checking to see if the displayed 
value is stable within the required range, 



NOTE 

Unless otherwise specified the initial set up of the 
Model 775 throughout the verificatwn procedure 
should be the default position upon power-up. 
Should this set up change during one of the 
fc^ikrwmg verification procedures, it is imperative 
that the default condition is restored before the 
next procedure is started. 

The output of the synthesized signal generator should 
always be termihated, at the input terminals of the Model 
775, with 500 feedthrough terrhinator. 

1, Set the sv'nthesiz-sd signal generator to lOMHz and an 
amplitude of 25nr/ RIvIS. Apply this signal to the chan- 
nel -A input terminal, 

2, Obssrv’e that the reading on the display is stable within 
the limits of 10.0000000E-i-6Hz ±500 counts, 

3, Change the signal generator settings to lOOMHz and 
an amphtude to 50mV RMS, 

4, Observe that the reading on the display is stable within 
the limits of 100.000000E-t6Hz ±500 counts, 

5, Change Model 775 setting to frequency B and repeat 
steDs 1 through 4 while applying the signal to the chan- 
n,ei B input terminal. 

6, Change the N4odel 775 setting to frequency C. 

7, Set the signal generator to lOOMHz and an amplitude 
of 25mV RMS. remove the 500 feedthrough terminator 
and apply this signal to the channel C input terminal, 

8, Observe that the reading on the display is stable within 
the limits of 100.000i)OOl:6Hz ±500 counts, 

9, Change the signa.l generator setting to 1040MHz, 

10, Observe that the reading on the display is stable within 
the range oJ 1.04000000£+9Hz ±,500 counts. 




The period measurement verification procedure is dons 
by applying an accurate sine signal to the channel A in- 
put terminal and then checking to see if the displayed 
value is within the required range. 

1. Set the synthesized signal generator to IMHz and an 
amplitude of lOOmV RMS. Apply this .signal to the chan- 
nel A input terminal. 

2. Change the Model 775 setting to PERIOD, A. 

3. Observe that the reading on the display is stable within 
the limits of l,00£-6 second ±1 count. 

4. Change signal generator setting to lOOMHz. 

5. Observe that the reading on the display is stable within 
the limits of O.OlE-b second ±1 count. 




The penod averaged measurement verification procedure 

is done by applying an accurate sine signal to the channel 

A input tenninal and then checking to see if the displayed 

value is within the required range. 

1. Set the synthesized signal generator to iMHz arid an 
amplitude of lOOmV RMS. Apply this signal to the chan- 
nel .A input terminal. 

2 . Change the Model 775 setting to PERIOD A. 

3, Obsen/e that the reading on the display is stable within 
the limits of 1 ,000(X)OOOE“6 second ±500 counts. 

4, Change signal generator setting to 1CX3MH2. 

?. Ob,ser/e that the reading on the display is stable within 
the limits of lO.OOOOOOOE-9 second ±500 counts. 

4J,4 Time interval A-*B Measurement 




The time interval A — 8 measurement verification pro- 
cedure is done by applying a square w'ave signal to the 
channels A and B input terminals simultaneously and 
then checking to see if the displayed value is within the 
required range, 

1, Set. the function generator to 500kHz square, wave and 
an amplitude of IV RMS, Apply this signal through a 
"T' bKiC adapter to the channels A and B input 
terminals. 




2, Change the Model 775 setting to TTviE and 

SLOPE B setting to negative slope. 

3. Observe that the reading on the display is approximate’ 
ly l.OOE-6 second. 

4, Change the Mode! 775 setting to positive SIXfFE B and 

negative SLOPE A. 

5. Observe that the reading on the display is approximate- 
ly i.OOE-6 second. 



4.5.6 Pulse A Measurement Operation Check 

Tire pulse A measurement verification procedure is done 
by applying a square wave signal to the channel A input 
terminal and then checking to see if the displayed value 
is within the required range. 

1, Set the function generator to 500kHz square wave and 
an amplitude of IV RMS. Apply this signal to the chan* 
nel A. input terminal. 

2. Change the Model 775 setting to PLS A. 

.3, Observe that the reading on the display is approximate* 
ly l.OOE-6 second. 



4,5.6 Delay Operatlan Check 

The delay function verification procedure is done by ap- 
plying a square wave signal, to the channels A and B in- 
put terminals simultaneously, and then checking to see 
of the displayed values, with and without the delay, are 
within the required range, 

1. Set the function generator to iHz square wave and an 
amplitude of IV RMS. Apply this signal through a "T" 
BNC adapter to the channels A. and B input terminals. 

2. Change the Model 775 setting to TIME A — B, and 
5IX>PE B setting to negative slope. 

3. Observe that the reading on the display is approximate- 
iv 500E-3 second. 

4. Change the Mode! 775 MODE setting to DELAY. 

5. Observe that the reading on the display is approximate" 
ly 1.5 second. 



4,6.7 External Gate Operation Check 

The external gate operation verifkation. is done by apply- 
ing a gating signal through the rear panel input terminal 
md then c.hecking to see if the reading on the display is 
within the required range. 



1. Set the synthesized signal generator to lOMHz and an 
anapUtudo of .50mV RK-1S. A.pply this signal lo the chan.- 
nel A input terminal. 

2. Change the Modei 775 setting to frequency A and user 
gate mode. 

3. Change function generator setting to ,5Hz square wave. 

4. Apply this SYNC output (TTL) to the rear panel EXT 
ARMING k GATE/DELAY input terminal, 

5. Obser^^e that the Model 775 displays 'IDMHz with a 
resolution of nine digits. 

6. Change the function generator setting to jhHz. 

7. Obsei^fe that the Model 775 displays lOMHz with a 
resolution of five digits. 

8. Change the function generator frequency setting 
throughout the range of .5Hz to lOkHz and observe that 
the displayed resolution on the Modei 775 increases 
when frequency setting on the function generator 
decreases and vice-versa. 



4JJ Arming Opsimtlon Check 

The arming operation verification is done bv applving a 
.signal to the channel A input terminal when tiae Modei 
775 IS in the hold mode; then applying an arming Signai 
to the rear panel EXT ARMING & GATE/DELAY ii ipui r.er- 
minel or depressing the RESET button to activate one 
measuring cycle. 

1. Set the .synthesized signal generator to lOMliz and an 
amplitude of 50mV RMS. Apply this signal to the chan- 
nel A input terminal. 

2. Change the Model 775 setting to the frequency /\ 'lold 
mode, Note that the GATE LED doe.s net flash, m- 
dicating that the Model 775 is in hold mode but has not 
received an arming signal yet. 

3. Change the function generator setting to Tki h square 
w'ave and manual trigger, and apply the SYNC output 
(TTL) to the rear panel EXT ARMING k GATE/DLT.1aY 
termmal. 

4. Depress the MAN button on the function generator and. 
observ’e that the GATE light flashed once and the Model 
775 displays lO.(KX)0000£-i-6Hz +.500 counts. 

5. Remove the cable from the rear panel EXT ARMING & 
GArE/DELAV terminal leaving the above set-up as is, 

6. .Press once the front panel REhET button and ob.Sf?rve 
that the display reading is cleared (0), the GATH in- 
dicator illuminates for about one second and then the 
following reading is displayed; 10.00t}OOOOE-i-6Hz •"500 
counts. 





Model 7752 performance verification Is done by using the 
same procedures as described above. The difference is in 
the resulted display, where instrument equipped with the 



Mode! 7752 option should display a reading with a tighter 
tolerance. Therefore, instromenis which are equipped with 
the Model '752 option where specified tolerance in the 
above checks is 500 counts, tolerance should change to 3.00 
counts, 



of IHz; where as fhe Model 775 with the same gate time, 
will always display a minimum of eight digits of resolution.. 



Tl\i8 section contains an overall functional description of 
the Model 775 as well as detailed circuit analysis of the 
various sections of the instrument, Information pertain- 
ing to the standard lEHE interface and the Models 7751 
Channel C and 7752 TCXO options are also included. 



Information is arranged to provide a description of in- 
dividual functional circuit blocks. As an aid to understan- 
ding, the descriptions keyed to accompanying block 
diagrams and simplified schematics. DetaOed schematics 
and componet layout drawings are located s’; the end of 
this instnic-tlon manual. 



A simplified block diagram of the Model 775 is shown in 
Figure 5-1. The heart of the Model 775 is the two counting 
registers; one totalizing the number of input events - the 
EVENT COUNTER; and one, at the same time, totaJi,zing 
the num.ber of pulses from the reference oscillator - the 
TDvlE COUNTTR. The internal micfocontroller then cc.nv> 
putes the result to be displayed, using the following 
fonmiia; 

EVENT COUNTER 

F 

'TO/IE COUNTER X T 



where: T-the period of the reference oscillator. 



The Model 775 is a nine digit counter with six standard 
measurement functions as well as one optional measure- 
ment function. Model 775 utilizes a modern reciprocal 
measurement technique hence increasing resolution in low 
frequenty measurements; as compared to other counters 
which utilize the more conventiorial fixed gate technique. 
As an example, a conventional counter measunng IkHz 
with a gate time of one second wfill display a resolution 



Tlte input signal is applied through the input amplifiers 
to sv/itching circuits which in turn routes the signals to 
the correct counting circuits. If the Model 7751 is instalU 
ed, a .signal from, the channel C input terminal will p«,s$ 
through, the channel C input amplifier to the internal sej.ee 
tors. The rnicTocontroilei, working under software contTol, 
then converts the signal into a form suitable for the display- 
on the front panel or over the IEEE bus. 



THEORY OF OPERAThON 



5.3 ANALOG CIRCUITRY 



The following paragraphs contain a description of the in- 
put circuits, raeasutement circuits, trequei'.cy multiplier 
and Che power supply- These circuits may be found on 
schematic diagrams located at the end of this rnanual, 



6,3.1 input Circuits A and B 

NOT£ 

Channels A and B are identical in. terms c.f com- 
ponents f?nd operation. Therefore, the following 
description, which remws channel A circuits, ap- 
plies to channel B as well. Note that letter designa- 
tions for components in channel A are different 
for similar components In cnatmel B, 



The Signal which is applied to the channel A input signal 
is preconditioned in ftont of the smpjiiier circuit by means 
of relays and electronic components as follows; 

Coupling— Coupling is cordroUed by a relay K1 and 
capacitor Cll. When the instriiinent is DC coupled, K1 
contacte are dosed. W'hen the instrum.ent is AC coupied, 
Kl contacts are open and Cll blocks the DC components 
of the input signal'. 

.Attenuation— .Attenuation is controlled by reia\' K2, resistor 
network Pd4 andR15 and capacitor network 02 and Ci3. 
When K2 is shorting between points 1 and S on the relay, 
there is no attenuation. When K2 is shorting between 
points 8 and 14 on the relay, attenuation is xlO, 

P'Otering— The lov/-pass filter is controlled bv- relay K3, Con- 
tacts on K3 are normally closed thus, CT3 is i.n parallel to 
R16. VS'hen the relay contact is open, the impedance of R16 
.shunted by the input capacitance of the im.pedance con- 
verter, act as 2 low-pass filter- 

input Protection— Front panel conditioning is capable of 
handling sijmais within the specified tiynam.ic range of the 
Mode! 775. Prorection of the input circuit from ovor-voltage 
sign.iJ.s (up tc the specified limits) are accomplished bv R17, 
CF2, 3 and CR21. 



Amplifier— The amplifier consists of an impedance con- 
verter formed by Q20, an amplifier fomted by Q21 and Q22 
and U34a, and a Schmidt trigger which is formed by U34b 
and their as*^.odated components. The trigger level is con- 
trolled bv Q22 via 1.15 and R33, The slope that the input 
signal triggers on is controlled by an exclusive OR 
drcUit-U3.5. 



5J.2 Input Circuit C 

The signal which is applied to the channel C snrut ter- 
minal is AC coupled through Cl and through the 
amplitude iimiting network CRl to CR6 and CF1..2 and 
CRB to the input of the fi^t stage amplifier. Further pro- 
tection, is achieved with a fuse FI. The am.p'lificr consists 
of a two stage amplifier, Q1 and Q2 with their associated 
components form the first stage, while Q3 and Q4 and 
their associated components form the second .stage, The 
output of the second stage ampitfier (the collector of Q4) 
is AC coupled through C20 to a divide by 736-Ul, 



5.3.3 10MHz Star^dard Reference Oscillator 



Tb.e re,terence osciilator includes a bibrid osci.Uatot' VI, txif- 
fers U2a., b and d and a voltage regulator L'l, C2 through 
C4 adjust the osciUator frequency to aknewn refere nce; 
C4 provide.^ a coarse adjustment and C3 provides a Trie 
adjustment, SI selects the signal to be applied to the Mode! 
775 interna] dreuitry’’ either ars inlernaj reierence or an fx- 
terna] standard. CRl and CR2 protect the external in-put 
tigainst. overloads. 




The TCXC- reference oscillator circuit consists of a liyhn •; 
oscillator Yl, buffers U2a, b and d and a voltage repuldLcr 
UT L.'2d is an output buffer rvhich connects the intcmai 
lOMHz signal to s rear panel BNC terminal. 



Multiplier 



The lOMHz reference oscillator is multiplied iniemallv to 
generate a stable KXjMHz signal w'hich is reiateu both In 
phase and accuracw to the lOMHz reference oscillator. The 
lOMHz signal from the reference oscillator is couched to 
the rnulfiplit'r via C49, U5(b converts the TTL signal CLirn • 
ing from the oscillator to a sine 'A-?.ve which is then fed 
to <Q37, Q37 amplifies the lOMHz signal ami produces n\'o 
lOMHz signals with a phase difference of J81T. CRH and 
CR17 act as full wave rectit'iers, thus creating a 20MHz 
eignab The 20MHz signal is fed via C5-8 ro e. tuned cirar.* 
where L4 and C62 are tuned for 20MHz. The x5 multiplier 
consists of U51a and U51b which are tuned by tlhe rant; 
circuits L5-C67 and L6-C70 to the fifVn harmonic of thx^ 
20MHz signal. 







The signal is finally coupled through C72 to the 

IGOMHz buiier Q38 and its associated components. 



6 Msasurtm#nt Section 

The meaawement xsection is a block which controls various 
switching; routes the Internal signals to the correct ports. 
It also controls the sequence of the gate and resets and 
synchronizes the time and the event counters for the 
microcontroller. Figures 5-2 to 5-7 show the routes for the 
input signal and the reference signal in every measurement 
function. The following is a brief e^tanation of the various 
segments in the measurement section. 

Control— The control cimuit consists of U26, U28 and U50. 
Information from the mkrocontrolier is sent in a serial form 
to control the iCs which in turn convert the serial infor- 
mation to a parallel format. The parallel outputs of these 
I,Cs are being used to control the D to A converters and 
th.e signal routes as described previously. 

Trigger Level— The trigger level circuit comprises U31,. U32, 
U33, U2T U29 and their associated components. Binary’ 
data which is received horn the control circuit is converted 
bv U31 and V27 to a known DC voltage with U32 and U29 
respectively. U33 is a t-5v voltage reference with very good 
stability, adjusts the full scale voltage of the D to A 
converter, 

Signal Selector— Tne signal selector circuit comf>rises U37, 
U3bci and U38b, One of Sig 0 through Sig 3 a.re selected 
to be transmitted to the time detect, signal identifier or the 
synchronizer. 

Tiine Detect—The time detect circuit consists of a dual D 
fsiP-rktp U39 and a gate Ub8d. U39a receives the start signal 
and T39b (dk in) receives a stop signal. Following a reset 
signal at the reset input of U39, U38d outputs a single 
neg.ai:Jve going pulse with a duration which is equal to the 
time interval between the start and the stop signals, 
regardless if the start and the stop signals are repetitive, 

Synchmnizer—The synchronizer consists of a D flip-flop 
U40a and a gate U38c and their associated components. 
A gate signal is applied from the microcontroller to the D 
in?.nit of U40a and the measured signal is coupled to the 
CLK mput on, the same IC. Aiter a reset cycle, and assum- 
ing that a signal is prcvSent at the appropriate input ter- 
minal, the output of U40a will generate a pulse with, an 
approximate width of the original gate signal from the 
microcontroller, but with a new adjusted width which is 
equal to an integer number of periods of the signal being 
measured, This pulse will be used as the main gating 
signal throughout the instrument. Gates U42a, U42b and 
U-i2d control the routing of the synchronized gate and the 
time interva] pulses to the main gate of the Model 
775-U42C. 



Main Gate—The main gate of the Model 775 consists on 
U42c. Signals from the synchronizer or the time detector 
are applied to one input of this gate and the lOOMHz 
reference signal is applied to the second input resulting 
at the output of the gate a lOOMHz burst of pulses. 

Cock Divider— The burst of pulses with a frequency of 
lOOMHz divided by two by U41b and applied to the ECL 
to the TTL converter which in turn outputs a TTL signal 
through U43a to the dividers chain. 

Signal Divider—'fhe signal coming from the synchronizer 
circuit is divided by two using a D flip-flop U40b and ap- 
plied to the ECL to the TTL converter which In turn out- 
puts a TTL signal through U49b to the divider chain, 

Signal ldentifier~Tbe signal identifier comprises U41a, Q2S 
and Q29 and their associated components. A signal when 
present at the appropriate input terminal, is applied to the 
CLK Input of U41a, converted to a 'FTL level signal with 
Q28 and Q29 and then fed to one of the microcontroller 
ports via U49a, This port will be used to flag the presence 
of a signal at' the input terminals. This signal is also used 
as the aiming signal of the counter. 

Gate Identifier— The gate ident^er informs the rricrocori- 
troiler of theistate of the main gate. The gate identifier dr- 
aiit also serves as a time stretcher of gate signals with very 
small periods. The gate identtfiei consists of U43b,- Q33, 
CIO and is buffered by U43d and U43c, 

Event Counter— The ev'ent counter counts the number of 
puises or e.'ents which occur at the input tenninal. The 
ev€‘nt counter comprises a high speed divider chain which 
is formed by the signal divider circuit in combination v/ith 
U44 and U45 and a low speed counter U12. 

Time Counter— The time counter counts the number of 
pulses from the reference oscillator. The time counter com- 
pri.ses a high speed divider chain which is formed by the 
dock divider circuit in combination with U46, U47a, U48 
and a low speed counter U13. 



5.3.7 Power Supply 

For the following discussion, refer to the power suppjy 
schematic at the end of the manual. The power supply is 
made up of a line fuse, power on-off switch, line voltage 
selection switch, power transformer, two bridge rectifiers, 
two regu-latora and a 5V regulator which is formed b)' U54, 
Q40, Q41 and Q39 and their associated components. 



Fuse FI is the LINE FUSE which is accessible on the rear 
panel, S2 is the LINE VOLTAGE SELECT switch which is 
accessible on the rear panel to select 115V or 230V opera- 
tion and 51 is the power on-off switch. 





THEORY OF OPEBATiON 



CR18 is used as a full wave rectifier to provide a sufficient ply. This reference is then buffered by U54 amplifier and 
DC voltage for the +T^ and -12V regulators U52 and U53 applied through Q41 to the series regulator Q40, Q40 Is 
respectively. mounted on the rear panel to absorb the heat generated 

b)^ the pov.'er transistor. Q39 and R123 form a protection 
circuit against accidental shorts or overload , 



U54 receives a reference voltage of 5V from the 12V sup- 




THEORy OF OPEP.mOH 



BA DfOiTAL CIRCUITRY 

Model 775 operation is supervised by the internal 
microcomputer, Through the MCU, the counter measure- 
ment process, the front panel switching, display and IEEE 
operation are all performed under sonware control. This 
section briefly describes the operation of the various sec- 
tions of the microcomputer and associated digital circuitry. 
A simplified block diagram is included for UwSer reference; 
for more complete circuit details refer to the digital 
schematics at the end of this manual- 



5, 44 Microcomputer Block Diagram 

A block diagram of the Model 775 microcomputer is shown 
in Figure 5-8. Circuit operation centers around the 
microcontroller unit (MCU), U6. The 8031 is an 8-bit 
microcontroller capable of directly addressing up to 64K 
bytes of program memory (ROM) and up to another 64K 
bytes of data memory (RAM). The microcontrolier works 
with a lOMHz clock which is divided internally fo provide 
bus operation of about IMHz. 



5.4.2 Memory Mapping 

Tlie 8031 microcontroiler is capable of directly addressing, 
two banks of 64K (65,536) byte memory. One bank ol 
memory is the program memory and the second memory 
bank is the. data memory. The selection of the banks is 
done internally by the MCU Although the M.CU has this 
large addressing capability only a portion of the possible 
memory space i,s actually needed. 



The Model 775 uses a total of 8K of program memory 
stored In the 2764 EPROM U9, and a total of IK of data 
m.emory is stored in LTO and UH. The 8031 MCU uses a 
memory-mapped I/O scheme, additional memory loca- 
tions must be allocated for the various I/O functions, All 
the memor>mapped I/O functions are in the data memoty 
space. Table 5-1 lists the memory locations for the vanou.s 
memory elements. 

Because of a partial decoding scheme used in this in.stru- 
ment, for some memory elements, a larger memory sloi 
is allocated than the actual memory needed. 



Software for the MCU is contained in an EPROM (Erasable 
Programmable Read-Only Memor\4- U9 is a 2764 EPROM 
containing 8K bytes of software. Temporary storage is pro- 
vided by tllO and U'll RAMs which can store up to 1024 
b'/ies of information. 



interfacing between the MCU and the IEEE bus is per- 
formed by the dedicated IEEE-488 bu.s interface iC, U2U. 
This IC performs many bus functions automatically to 
m.inimize MCU overhead. Buffering between the 8291 IC 
and the IEEE bus lines is done with the bus driver.9 U21 
and U22. 



Interfacing between the MCU to the keyboard and the 
display is performed by the Keyboard/Display interface 
1C-U5, 




The MCU ha.s a total of 16 address lines w’hich are used 
to locate a specific memory slot. The LOW address iln.e 
(,A0 to A7) art: multiplexed on the address.'data bus, and. 
the ALE (addre.ss latch enable) signal i.s used to separate 
the LOW adrires.s from the addres-s/data bus which is dc/ne 
by U7 address latch. Since no memor>' or interface element 
can luliy decode address locations, additional address 
decoding must be used. 



US is l-of-8 decoder. The decinicr rs enabled when address 
iine,s A14 is rllGH and .A12 is LOW. Once the dec<M..lt-ii i.s 
selected the decoding is de-ne by addressing line A8. A9 
and AlO, When address line A12 is HIGH the R,AM.s ,me 
selected, 



Selected 

Device 


Allocated 

Memory 


Actual Memory 
Location 




Address Lines 


1 


A14 


A’i2l AlO 


A$ 


AS 1 


RAMs UlO. UB) 


S1(K)0-S3FFF 


$1000-$13FF 


0 


1 i X 


X 


X ■ 


Display Interface (U5) 


S4000-540FF 


$4000-54001 


1 


0 ! 0 


0 


0 


IEEE (U20) 


S4300-S4FFF 


S4300-S43i.l7 


1 


0 i 0 




1 


Address Switch (U23) 


S46CX3-S46FF 


S1600 


1 


0 i 1 


1 


0 


Counters (U12, Ul3) 


$4700-S47FF 


$4700 




0 1 1 


1 


1 „ 
l_ ,, 






The Keyboard/Display Interface IC U5 is ?ased to control 
the front parcel display and to determine which one of the 
buttons was pushed, 



5.4,5 IEEE Interfaos 

The Mode! 775 has a buiir in IEEH-488 interface that allows 
the instrument to be controlled through the system con- 
troller, Commands may be given, over the bus and data 
may be requested from the instrument as well 



The IHEE interface is made up of U20, a 8291 GPIA 
(General Purpose Interface Adapter), and U21 and U22, 
which are interface bus drivers. On the MCU side of the 
GPIA, data transrmssion is handled much like any other 
bus transaction. The MCU accesses the GPIA through the 
usual DO thrfjugh D7 data lines, Address decoding for the 



internal 16 registers (8 read and 8 write) is provided by the 
CS, vVK, RD and .AO, A1 A2 terminals. 



The output of the 8291 IC is standard IEEE format; the 
eight data lines (DIDl through DIOS) the three handshake 
lines (DAV, NDAC, iMRFD), and the five management lines 
(ATN, REN, IFC, 5RQ, EOI), are all active low with ap* 
proxiinately zero volts representing a logic one. The two 
IEEE bus drivers, U21 and U22 are necessary to bring the 
drive capability of the interface up to the normal IEEE max- 
imum 15 devices, 



The GPIA simplifies MCU interfacing to the IEEE bus 
because many control sequences take place automatical- 
ly, For example, when a write is done to the data output 
register, the handshake sequence is automatically per- 
formed at the proper tiane. Without the GPIA chip, com- 
plictaed MCblrotuines would be required to accomplish 
control sequence that are performed automatically. 




6.1 INTRODUCTION 



This section contains informaton necessary to maintam, 
calibrate and troubleshoot the Model 775, Model 7751 
Channel C option and Model 7752 TCXO option , Fuse 
replacement procedures, line voltage selection and Model 
7751 and Model 7752 installation procedures are also 
included. 



WARNING 

prooedur9$ di&@crlbed In this 
only by qualified aervlce 



of the steps 
expose the 
iges that could 
h If norma 



The Mode! 775 may be operated from either 115V or 230V 
normnai 50-60Hz power sources. A special transformer 
may be installed for lOOV and 200V'' ranges. The instrument 
was shipped from the factoiy set for the operating voltage 
marked on the rear pane! immediately above the power 
line receptacle. To change the line votlage, proceed as 
follows: 



WARNING 

Disconnect the Model 775 from the power cord 
and ell other eourcea before ehanging the tine 
voltage setting. 



1. Using a flat-blade screwdriver, place the line voltage 
selection switch in the desired position. The voltage 
selection switch is located ab^ve the power line 
receptacle. 

2. Install a power line fuse consistent with the operating 
voltage (^e paragraph 6.3 step 1). 



CAUTION 

Th« correct fuse type must be used to maintain 
praper instrumer3t protection, 



3. Mark the selected voltage on the rear panel with a water 
soluable marking pen for future reference. 



ITie ?\4ode! 775 has a line fi^e to protect the instrument 
from excessive current. This fuse may be replaced by us- 
ing the procedure described in the following; 



WARNING 

^Iscomiect the instrument from the power line 
iod from othsr equipment before replacing t.he 
use. 



1. Place the end of a flat-blade screwdriver into the slot m 
the LINE FUSE holder on the rear panel. Push in and 
rotate the !use Cimier one quarter turn coursterclcK'kv-'isc. 
Release pressure on the holder and its internal spring 
rviil push the fuse and the carrier out of the holder. 

2. Remove the fuse and replace it with the proper type us- 
ing Table 6-1 as a guide. 



CAUTION 

Do not us© a fuse with a rating higher than 
specified or Ifistrument damage may occur, if 
the Instrument persistently blows fuses, a pro- 
blem may exist within the instrument. If so, the 
problem must be rectified before continuing 
operation. 



Table 6-1. Line Fuse Selection 



Power 

Line Voltage 


Fuse Type 


90-125V 

195-250V 


0.3A, 250V, 3AG 
0.15A, 250V, 3AG i 






MAINTI 




The Miide] 775A may use ait external lOMHz tijrts ba.se 
with the standard 5ppm time base of the 7752 TCXO time 
base. Tne following steps are required to use an extental 
timebase, 

1.. Remove the top cover of the instrument as described 
In the disassembly instructioas in paragraph 6.9 

2. For the standard 5ppm time base locate switch SI on 
the timebase board and slide it to the EXT position, See 
Figure 6-lA for the location of Si. The EXT position is 
with the switch towards the front of the Model 775, A 

3., For the TCXO time base, IcKate switch SI and slide it 
to the EXIT position. The EXT position is with the 
switch towards the top of the Model 775A. 



4. Reinstai] the top cover as described in. paragraph 6.9, 

5. Apply the TTL level (0 to +5V) lOMHz to the CLOCK 
IN/'OUT 3NC terminal on the rear panel. See Figure 2.2 
tor the location of this ternunal, 



CAUTION 

Do not exceed the TTL voltage levels or tiamsge 
to the Model 775 or the external source may oo 
cur. The EXT CLOCK Input Impedance of the 
Model 775 is nominally 200il, be sure to use the 
appropriate impedance matching devices to en- 
sure that ringing and cable reflections are 
minimized. Severe ringing and waveform defor- 
mation may cause false or Improper clock 
operation. 





FI 





S3 MODEL 7751 CHANNEL C OPTION 
INSTALLATION 

The Model 7751 Channel C option expands the capability 
of the Model 775 by allowing it to measure frequencies up 
to l.OGHz. If purchased with the Model 775, the Model 
7751 will be factory installed; however, removal for service 
will require installation as follows; 

1, Remove the top cover of the instrument as described 
in the disassembly instructions in paragraph 6.9. 



WARNING 

Disconnect the line cord and test leads from the 
instrument before removing the lop eover. 



2. Plug the Mode! 7751 into the comb type connector v,'h:cn 
is located in the front section of the instrument. '!;-e 
Model 7751 PC board should slide easily to its piace bet- 
ween the two card guides. 

3. Locato the shielded cable which is connected on side 
to the channel C input terminal. The other .side of this 
cable is soldered to one card guide to prevent this end 
from, rattling inside the instrument and causing shorts. 
Unsolder the shielded cable frcm the guide and. solder 
the pr«?stripped cable as illustrated in Figure 6-2, 

4. Solder both sides of the PC board. to the card guides, 
This will secure the Model 7751 to its place and will pre- 
vent Mode! 7751 from loosening during transit. 

5. Replace the top cover. 

6. Turn on the power and wait until the power up pro- 
cedure is complete. Then depress the FREQ C button 
and observe that the FREQ C light turns on. The inst.ru- 
ment is now ready to take measurements of frequen- 
cies up to l.OGHz, 






MAlNTENAfiCE 




Tne Model 7752 TCXO option increases the accuracy of the 
Model 775 by improving the accuracy and the stability of 
the reference oscillator. If purchased with the Model 775, 
the Model 7752 will be factory installed; however, removal 
for service will require instalktion as follows; 

1, Remove the top cover of the instrument as described 
in the disassembly instructions in paragraph 6.9, 

WARNING 

Okconnsct the line cord and test leads from the 
iftstfument before removing the top cover. 



2. The standard oscillator circuit is built on a separate PC 
board and is located in the back of the Model 775 near 
the transformer. Locate the oscillator circuit and remove 
the solder joint that secures the bo.ard to the guide, 

3. Remove tire oscillator board by pulling the board up un- 
til it disconrrects from the comb type connector. 



4. Disconnect the shielded cable, coming from the oscillator 
board, from the rear panel BNC connector. 

5. Slide the Model 7752 option along the card guide and 
push the card down until it locks into place as shown 
in Figure 6-3. 

CAUTION 

Make sure that Model 7752 la plugged eorrect- 
ly Into to the main connector. No pin should be 
left free. 



6. Solder the loose end of the shielded cable to the rear 
anel BNC terminal. The inner wire of the cable should 
e soldered' to the center conductor on the BjNC where 

as the shield part of the cable should be soldered to the 
shell of the same connector. 

7. Solder the side of the PC board to the card guide. This 
will secure the Model 7752 to ite place and will prevent 
the Model 7752 from loosening during transit, 

8. Replace the top cover. 

9. Mark the correct option iristallation on the rear panel 
with a w'ater soluable marking pen for future reference. 




j 

I i 

i •' Figure 6»3. Model 7752 Installation 






6.7.1 Environmental Conditions 

Adjustments should be performed under laboratory cor\* 
di.tions ha\'ing an ambient temperature of 24 ±2"C and a 
relative humidity of less than 70%. If the instrument has 
been subjected to conditions outside these ranges, allow 
at least one additional hour for the instrument to stabilize 
before beginning the adjustment procedure. 



6.7.2 Warm-Up Period 

Most equipment is subject to at least a small amount of 
drift when it is first turned on. To ensure long-term calibra- 
tion aoruracy, turn bn the pov/er to the Mode! 775 and 
allow it to v/arm-up for at least two hours before begin- 
ning the adjustment procedure. 




Recommended t^f equipment for calibration is listed in 
.Table 6-2. Test instruments other than those listed may be 
used only if their specifications equal or exceed the rs~ 
quiied characteristics. 




Ail adjustments ate performed with the POWER switch 
ON, The top cover should be removed to allow access to 
test points and adjustments. Between adjustments, always 
leave top cover on the unit to keep maintain temperature. 




MAIMTENANCI 



NOTE 

In order to perform the following calibration pro- 
cedures, the top shield must be removed to gai.n 
access to various components. To do so. remove 
the three screws that secure the shield to the 
board. Replace the shield after adjustments are 
complete. 

WARNING 

Take special car© to prevent contact with live cir- 
cuits or power line ares which could causa ©iec- 
trfoai shock resulting In serious Injury or death, 
Use an Isolated tool when making adjustments. 
Use plastic or nylon screwdriver when adjusting 
the time base trimmer. 



Refer to Figure 6-4 and the component layout m Secnion 
7 when necessary for determining adjustment pointS: 
follow the procedure in the sequence indicated since sonie 
of the adjustments are interrelated and dependem on the 
proceeding steps. 

Verify that the Model 775 is functioning according to the 
performance checks. Make sure that all results are v/ithm 
OL” dose to the range of the required spedfications, other- 
wise refer to the troubleshooting information given at the 
end of this section. 



Perform the following adjustment procedure. If an adii-.si- 
ment can not be made to obtain a specific reading, refer 
to the troubleshooting information at the end or this 
section. 



NOTE 

If not otherwise specified, perform all adjastments 
on the Model 775 in the power up default position . 

Equipment For Calibration 



Sp ecifications 

lOOMHz bandwidth 
,1% basic DC accuracy 
13MHz. pulse, sine, triangle, triggered 
lxE40/day, 5xE40 0-50%: 






1, Connect the probe to the collector of Q38, Use a short 
ground dip. Refer to Table 6-2 for recommended test 
equipment. 

2. Set up the oscilloscope and adjust C67 and C70 to get 
a maximum amplitude of 100.MHz sirmsodiai signal 
Note that the signal may appear modulated and 
distorted. This has no effect on the nonnal operation 
of the Model 775. Alter adjustments between C67 and 
CTO until a peak to peak amplitude of about 1.5V is 
reached. 



6J.6 Trigger Level Adjustment 

1, Set the multimeter to DC voltage measurement. Refer 
to Table 6-2 for recommended test equipment. 

2. Connect the multimetef probes between pin 15 of U27 
and case ground, 

.3, Adjust R6 to give a voltage reading of 2,55V i-lOrnV on 
the DlvlM. 



6 JJ Channels A and B Sensitivity Adjustment 

1. Set the function generator to IkHz sine wave and 40dB 
attenuation. Refer to Table 6-2 for recorriinended test 
equipment. . 

2. Set the multimeter to ACV and 200mV range, 

3. Connect the function generator output to the DMIvl and 
adjust function generator amplitude control to give a 
reading of 15mV on the DMM. 

4. Connect the function generator output to the channel 
A input terminal. 

5. Connect the oscilloscope probe to pin 3 of U38. 

6. Set up the oscBloscope and adjust R23 to display a rec- 
tangular waveform of IkHz with a duty cvde of 50% 
± 10 %. 

7. Change the Model 775 setting to FREQ B, 

8. Connect the function generator to the channel B input 
terminal. 

9. Set up the oscilloscope and adjust R50 to display a reo 
tangular waveform of IkHz with a duty cycle of 50% 
± 10 %. 



6.7,8 Inputs A and B Attenuator Compensation 

1, Set the function generator to give lOkHz rectangular 
waveform with an amplitude of lOV peak to peak, Refer 
to Table 6-2 for recommended test equipment. 



2. Change the Model 775 setting to AC couplinu .and xlO 
attenuation on both channels A and B. 

3. Connect the function generator output to channel .A in- 
put terminal. 

4. Connect the oscilloscope probe to the junction of R20 
and R21. 

5. Set up the oscilloscope and select C13 to give a rising 
edge with a minimum overshoot or undershoot. CD 
should be in the range of 15pF to 20(uF, 

6. Change 775 setting to FREQ B and connect function 
generator to channel B input terminal. 

7. Connect the oscilloscope to the junction of R47 and R48. 

8. Set oscilloscope and select C33 to give a rising edge with 
a minimum overshoot and undershoot, C33 should be 
in the range of 15pF to 20pF, 

6 J.9 Time Base Adjustment (Standard 5 PPM 
Tima Base) 

1. A,]Jov/ the Model 775 to warm up for at least two i-iourB 
wi th covers installed at an ambient temperatiu-e of .2.5'A‘ 
+ 2-C. Refer to Table 6-2 for t€Comirien.ded test 
equipment. 

2. Connect lOMHz standard output to the chann.e! A -in- 
put terminal. 

3. Set C3 to about mid range (5 turns trimmer capacitor) , 

4. Adjust C4 to give a reading of lO.OOOOCKK} ±200 counts 
on the display If proper adjustment cannot be ob- 
tained, adjust C2 to bring C4 within range. (C2 .should 
he in the range of 8pF to 12pF). 

5. Adjust C3 to give a reading of lO.OCWOOOO ±30 counts 
on the display. 

6. Allow an additional warm-up time of approxirnatelv .30 
minute.s. Repeat step 5 if necessary. 



6J.10 Time Base Adjustment (Optional l PPM 

Time Base) 

1. Allow the Model 775 to warm up at least -a ith 

covens installed at an ambient temperatunw;! -2 C. 
Refer to Table 6-2 for recommended test ccjuipmeiu. 

2. Connect lOMHz standard output to rhe channel A in- 
put terminal. 

3. Adjust the trimmer on top of the TCXO case using wdh 
a very narrow plastic screwdriver to give a reading of 
10.0000000 ±10 counts on the display. 

4. Allow an additional warm-up time of approxirnatly 30 
minutes. Repeat step 3 if necessary, 




:mance 



EClAt HANDLING OF 
NSITIVE DEVICES 



Remove the device only ^ the l»dy; do not touch the 



MCS devices are designed to operate at a ver/ high im- 
pedance levels tot low power consumption, As a result, 
any normal static charge that builds up on jour person 
or dothing may bs sufficient to destroy these devices if 
they are not handled properly. Table 6^3 lists the static sen- 
sitive devices in the Model 775, When handling these 
devices, use precautions which are described in the follow- 
ing table to avoid damaging them. 



rabis S-3. Static Stnsllive Dtviee 



Schematic 

Designation 


1 Keithley 

1 Part Number 


U6 


1 KD500-2141 


U9 


LSI-52 


ul5 


! iU 

1 KD550’^'010 


U20 


i KC600-2BO 


; 17c 


i lC-251 


U^6 


1 10251 


L'^ 


! KD560-0070 


i i }fi 


! IC-2 


U30 


i IC-2S1 


U3i 


1 103560-0070 



The ICs listed in Table 6-3 should be transporled ar>d 
handled only in containers specially designed to pre- 
vent static buiid-up. Typically, these parts will be re- 
ceived in stsnc-protected containers of plastic or foam. 
Keep these devices in their original containers until 
ready tor installation. 

Remove the devices from the protective containers on- 
ly at a properly grounded work station. Also ground 
yourself with a suitable wrist strap. 



4. printed circuit board into which the deivce is to be in- 
serted must also be grounded to the bench or table, 

5. Use only an anti-static type solder sucker. 

6. Use only grounded soldering irons, 

7. Once the device is Installed on the PC board, the device 
is normally adequately protected, and normal handling 
may resume, 

6.9 DISASSEMBLY INSTRUCTIONS 

If it is necessary to troubleshoot or replace a component, 
use the following disassembly procedure to remove the 
top cover and refer to Figure 6*5. 

1, Remove the two screws that secure the top cover to the 

rear panel. 

2, Grasp the top cover at the rear and carefully lift if off 
the instrument. When the tabs at the front of the cover 
dear the front panel, the cover may be pulled completely 

clear, 

3- When replacing the top cover, reverse the above pro- 
cedure; be sure to install the tabs at the front panel 
before completely inataliing the cover. 



The Mode! 775 covers are coated with shielding 
materuii^ to suppress RFI and EMI noises which are 
generated, by the internal circuits. When replacing 
the top cover on the Mode! 775, make sure that 
the springs that are mounted on both sides of the 
rear panel make contact with the internal shield 
of the top cover, if the springs are loose or are not 
making contact, push the loose ends toward me 
outside. 





TOP COVER 
30540 




SHIELD 

617-222 



BNC CONNECTOR 
(J4, J6| 
CS-249 



TRANSFORMER iTI) 
K2500-0380 



8NC CONNECTOR 
(J2. J3} 



GROUND CLIPS (3) 
617-319 



MODEL 7';6 
CHANNEL C OP 



GROUND CLIP - 
DISPLAY BOARD (1) 
{NOT SHOWN) 
617-320 i 



FRONT PANEL 
775-301 



PUSHBUTTON 

POWER 

2S465-3 



MODEL 7752 
TCXO OPTION 



SHIELD 

K33C0-1080 



TILT BAIL 
(NOT SHOWN) 
30544 



BOTTOM COVER 
SHIELD 617-321 



BOTTOM COVER 

30544 



BNC CONNECTOR I3| 
CS-249 



LOCAL, RESET 228-317-4 FRONT PANEL 

MODE, TIME. PERIOD FREQ: 228-317-5 OVERLAY 776-303 
CHAN A, CHAN B, CHAN C; 228-317-6 



6.10 TROUBteSHOOTiNO 

The troiib!eshao?mg instructions contained in this section 
are intended for qualified personnel having a basic 
understanding of analog and digital ciraiitry. The in- 
dividual should also be experienced at using typical test 
equipment as well as ordinary troubleshooting procedures, 
The information presented here has been written to assist 
in isolating a defective circuit or circuit section; isolation 
of the specified component is left to the technician, 

6.10.1 Resommsndsa Test Equipment 

The success or failure in troubleshooting a complex piece 
of equipment like the Model 775 depends not only on the 
skill of the technician, but also relies heavily on accurate, 
reliable test equipment. Table 6-2 lists the recommended 
lest equipment tor a complete troubleshooting and adjust- 
ment Of the Model 775. However, it is also possible to 
vicubleshoot the Model 775 with the minimum equipment 
which is listed in Table 6-4. Other equipment such as a 
logic analyser,- an in-circuit emulator etc, could also be 
helpful in difficult situation. 

6.10.2 Power-Up Self Dtagnostles 

An advanced feature of the Model 775 is ;ts seif dsagnos- 
inp capabilities. Upon power-up the Model '775 performs 
a set of tests which is described in paragraph 2,4. li the 
Model 775 locks up due to ROM or RAM'^ fail, there is lit- 




tle point in attempting to troublesfuxst elsewhere tjntil th^ 
microcontroller circuit is operating properly. 



Ttie power-up diagnosric test may be run either upon 
power-up or through theTEEE-488 interface bus. The pro- 
cedure to run a seif diagnostic prog?-am through the hm 
is described in detail in Section 3. 



6.10.3 Power Supply Checks 

It is higmy recommended that the first step in 
troubleshooting the Model 775, as well ^ any similar 
equipment, would be to check the power supply. If the 
various supply voltages within the instrument are not 
within the r^uired limits, troubleshooting the remaining 
circuits can be very difficult. Table 6-5 shows the various 
checks that can be made to the power supplies within the 
'Model 775. In addition to the normal voltage checks, it is 
also a good idea to check the various supplies with an 
oscilloscope to make sure no noise or ringing is present. 



in case of a "dead short" between one of the supplies to 
the common ground, it would be best to disconnect the 
entire supply section fioni the remaining ciicuitr)' and then 
identify 'if the problem is in the power supply or in the 
remaining circuitry. Model 775 is equipped with points 
-which are located on the bottom side of the main PC board 
To access these points, remove the bottom cover and the 
solder from the quick-disconnect points. 



it Equipment for Houblsshootlng 



1 

i 

Instrument 


Recommended 

Model 


Specifications 


; Oscilloscope 
^ Multimeter 
; Function Generator 


Tektronics 465 
Kei'hley 175 
HP-3312A 


lOOMHz bandwidth 

,1% basic DC accuracy 

13MHz pulse,! sine, triangle, triggered 





Tb-e most important section to be verified after the power 
supply checks, is the reference oscillator. The reference 
oscillator supplies different clock signals to t!\e various sec- 
tions of the Model 775. Without these dock signals, the 
microcomputer would not start to generate the control lines 
thus, making it impossible to troubleshoot the remaining 
circuitry. 



Tkble 6«6 shows the various checks that can be made to 
verify the operation of the docks and the reference 
oscillator. 



6.10,5 Digital Circuitry and Display Checks 

Problems with the digital and display dxcuitry could cause 
erratic operatiorr or false readings on the display, Check 
the various components associated with the digital cir- 
cuitry, mciuding the IEEE-488 interface, using the infor- 
mation in Table $-7. 




Problems in these circuits could gtenerate false results on 
the Model 775. Tables 6-8 and 6-9 list checks to be made 



-5, Power 



on the signs! conditioning and the input circuits 
respectively 



6.10.7 Multiplier Circuit Checks 

Problems with the multiplier circuit will definiteiy cause 
false results on the Model 775 or may cause no result at 
all. Problems in the multiplier circuit may be identified us- 
ing Table 6-10, 



6.10.8 Trigger Level Checks 

The trigger level circuite control the threshold point where 
the input circuit triggers. The Model 775 may not trigger 
at all on a signal that appears to be within the specified 
limits. Problems in the trigger circuit may be ioarited us- 
ing the checks given in Table 6-11, 



6.10.9 Measurement Seotlon Checks 

The measurement section circuitry- Is mainly used a 
digital control to the analog signals within the .Vlodel 775, 
Due to high speed signals, it was necessary' to iniplerrient 
ECL technology. It is recommended that the checks in 
Table 642, using an oscilloscope, be made with a special 
high frequency probe that has a very’ short groimding dip 



uppiv Checks 



, Si5E 


Item/'Component 


Required Condition 


Remarks 


1 


52 Line Switch 


Set to X15V or 230V 


See paragraph 6.2. • 


4 


FI Line Fuse 


Continuity 


Remove fuse to check, 1 


3 


jl Line Power 


Fiu.gged into live receptacle; 


! 






power on. 


! 


4 


-f-12V Supply 


-hl2V ±5% 


+12V on U52 output 


5 


U52 Input 


•flSV minimum 


Positive output of CR18 


6 


-Vy Supply 


-12V ±15% 


-12V on U53 output 


7 


U53 Input 


-15V minimu,m 


Negative output of CR18 


8 


■^5V Supplv 


+5V ±5% 


Collector of Q40 


9 


Input to -fSV Supply 


-f-7V minimum 


Positive output of CR19 | 


10 


Reference to -fSV Supply 


+5V ±5% 


Input 3 to U54 1 



Test !^>mt/!^niaurks 



Step 


Itsm/Component 


Required Condition 


Test !^>mt/!^niaurks 


1 


lOMHz Reference 


Turn on power. 

0 to +4V lOMHz square 


Pir\ 6 on u2d on standard 


2 


Or 

iOMHz Reference 


0 to +4V lOMHz square wave 


oscillatcrr board. 

Pin 3 on U2a on TCXO 


3 


Multiplier Clock 


-0.2V to -f0.2V lOMHz 


oscillator board - 

Pin 2 on D50a, Signal may 


4 


Microprocessor Clock 


square wave 

0 to •r4V lOMHz square wave 


appear very noisy. 
Pin 19 on U6 


5 


Microprocessor Timer 


0 to -i“4V 5kHz square wave 


Pin 14 on U6 


6 


Keyboard and Display 


0 to +4V 1,25MHz 


Pin 3 on U5 


7 


Control Clock 
IEEE Interface Clock 


square wave 

0 to +4V 5MHz square wave 


Pin 3 on U20 



Table 6-7. Digital Cireultry and Display Checks 



‘ 3ten 


Item/Component 


Required Condition 


Test Point/ Remarks 






Turn on povv'er. 


Some tests here could fail due 
to digital problems. 


2 


Reset input 


Turn off instrun'ient then back on. 


Pin 9 on U& stays low for 






about .Isec and then ^es 
high. 


3 


ALE Line 


0 to 4-4V 168nsec pulses 


Pin 30 on U6 


4 


PSEN Line 
pulses 


0 to t 4V 276nsec negative going 


Pin 29 on U6 


^ 5 


RD WR Lines 


0 to 4'4V 480nsec negative going 
oulses 


Pins 16 and 1? on U6 


• 6 

1 


,A,ddress/Data Bus 


0 to -r4V variable pulse train 

Depress and hold the LEVEL A 
button during, the next two tests. 


Pin.9 21 thru 28 and Pins 32 
thru 39 on U6 

This will generate serial data 
on the RXD lines. 




Seri-sl Data In 


0 to -r4V vanabie pulse train 


Piri 2 of U30 
Pin 2 of U28 
Pin 2 of L26 
Pin 2 of U25 


i 

i 


Seria-i to Parallel Converters 
Clacks 


0 to -t-4V burst of pulse tram 

Depress each one of the buttons, 
in turn, on the front panel 
throughout the next test, 


Pin 3 of U30 
Pin 3 of U28 
Pin 3 of U26 
Pin 3 of U25 

This test will check all. buttons 
on the front panel as well as 
the interrupt line. 


i 


Keyboard Interrupt Line 


0 to +4V variable negative going 
pulse. 


Pin 4 of U5 


1 10 


LEDs Sink Lines 


b to +4V variable pulses 


Pins 10 to 16 on L'2 and Col- 
lector of Q16 




MAJNTENANCe 



Turn on power, 



Channel A Front I 
Input Amplifier A 



Channel B Front End 
Input Amplifier B Gain 



JivlJriZ ,iVp-p sme 
-^3,2 to +4.2V puises with 
5033 duty cycle 
Depress FREQ button 
FREQ B light should be 
on, 

IMHz ,lVp-'p sine 
+3,2 to +4.2V IMHz 
pulses with 50% dutv 



Test Point/ Remarks 



Apply IMHz .IVp-p 
sine to Channel A in- 
put BNC. 

Base of Q21 
Pin 3 of U34b 

Apply IMHz .IVp-p 
sine to Channel B input 
BNC, 

Base Of Q25 
Pin 3 of U36 



Test Point/ RemarKS 



Signal may appear noisy 
in the following tests. 

Pin 14 of U50a 
Pin 8 of U50b 












mrSNANCE 



Table 6-1 




Circuit Checks 





Item/CoHiponent 


Required Condition 


Test foint/Kiirmarks 


. 1 




Turn on power. 




' 2 


D to A Reference 


4 - 2 , 55V ±20mV 

Change front panel trigger level 
setting for Channels A and B to 
-r 2.55V, 


Pin '15 of U27 and Pin 15 
of U31 


3 


Channel A Positive 
Trigger Level 


•f 2.55V ±20mV 


Pin to of U29b 


4 


Channel B Positive 
Trigger Level 


+2.55V ±20mV 

Change front: pane! trigger ievei 
setting for Channels A and B to 
-2.55V. 


Pin 12 of U32a 


i 5 


Channel A Negative 
Trigger Level 


-2.55V ±20mV 


Pin 10 of U29A i 


6 


Channel B Negative 
Trigger l^vel 


-2,55V ±20mV 


Pin 12 of U32a 



Tab) 




Step 


Function 


Required Conditiors 


Test Point/Remarks | 


1 




Turn on Denver. 

• 


The next six tests ■would be performed I 
on U28. ! 






Pm4 Pin5 Pin6 Pin7 Pinll Pinl2 




2 


FREQ A 


1 1 0 1 1 0 




3 


FRHO 8 


1 0 1 1 1 0 




.1 


FRFQ C 


1110 1 0 


Possible with Model 7751. 




IRkIOD a 


0 1 1 1 0 1 


! 


h 


PERIOD AVG A 


1 1 0 1 1 0 




7 


TIME A--B 


1 0 1 1 0 1 


i 


8 


TIME PLS A 


110 1 0 1 




1 




Change panel setting to FREQ A and 
Isec gate time. Apply IMHz IV p-p 
sine to Channel A BNC, 




9 


Signs! Selector 


-3,2V to 4-4.2V IMHz puLse, 


Pin 15 of U37d 


10 


Time Detect 


Don't care. 


Pin 9 of U38d 


Ti 


Synchroniser 


+3,2V to +4.2V burst, 


Pin 14 of U38c 


! 

; 12 


Signal Divider 


Width of burst is approx. Isec. 
TTL 50QKH2 bunst, Width of burst 


Pin 6 of U49b 




about Isec, 




: 13 


Signal Identifier 


TTL low level during measurement 
cycle, TFL high for about lm.5ec after 
each cycle. 


Pin 3 of U49a 




14 


Gate Identifier 


TTL low level when gate is open, 
ITL high for about 300msec after 


Pin 8 of U43c 






gate closure. 




15 


Main Gate 


-3.2V to +42V lOOMHz burst. 
Width of burst is about 'Isec. 


Pin 14 of U42c 


16 


Clock Divider 


TTL 50MHz burst. Width of burst 


Pin 3 of U43a ; 






approx Isec. 







7.1 INTRODUCTION 



Tills section contain.^ replacement parts iniormation, com- 
ponent location drawings and schematic diagrams for the 
Model 775. 



1. instrument Model Number 

2. Instrument Serial Number 

3. Parts Description 

4 . Circuit Designation (if applicable) 

5. Keithley Part Number 



7.2 PARTS UST 

Parts for each board are listed alphanumerically in order 
of their ciraiit designations. When ordering a part, indicate 
the printed circuit board that the part is located on as Vvell 
as the part number. Table 7-1 contains parts list informa- 
tion for the mother board. Table 7-2 contains a parts list 
for the display board. Table 7-3 contains a mechanical parts 
list for the Model 775. 



If an; additional instruction manual is required, order the 
manual package (Keithley Part Number 775-901-00), The 
manual package contains an instruction manual and any 
applicable addenda. 



7.4 FACTORY SERVICE 

If the instrument is to be returned to the factory for ser- 
vice, please complete the service form which lofiows this 
section and return it with the instrument. 



7.3 OHDERINO iNFORIVIATION 

To place an order, or to obtain information concerning 
replacement parts, contact your Keithley represenfative or 
the factory. See inside front cover for addres.ses. When 
ordering include the following Information: 



1C DIAGRAMS AND 

ENT LOCATION DRAWlNi 



Schematic diagrams and component location drawings 
follow the appropriate replaceable parts list for that par- 
ticular board, 



Circuit 



Descripflgn 

Capacitor Ceramic, O.l/i 
Capacitor Ceramic, Q.lji 
Capacitor Tantaium, 3.3^t 
Capacitor Ceramic, 0.1/t 
Capacitor Ceramic, 0.1,u 
Capacitor Ceramic, 0.1/i 
Capacitor Electrolytic, IflO/a, 16V 
Capacitor Ceramic, 0.1/n 
Capacitor Ceramic, 0,1^ 
Capacitor Ceramic, 0-V 




C‘237-0.1 

C-237-0.1 

K1540-0335 

G237-0.1 

C-237^.1 

C-237-0.1 

K1532-0107 

C-237-0.1 

C-237-0.1 

C-237-0,1 



Cll 


Capacitor Mvler, 33n, 250V 


K1521-0333 


02 


Capacitor Ceramic, 3,3p 


K1500-03R3 


C13 


Selected value 15p-18p Mica 




C14 


Capacitor Ceramic, O.l^x 


C-237-0.1 


C15 


Capacitor Mvier, lOn, 250V 


K1521-0103 


C16 


Capacitor Ceramic, 33p 


K1500-0330 


C17 


Caoadtor Ceramic, 0,1/i 


C-237-0.1 


C18 


Capacitor Ceramic, O.Im 


C-237-0.1 


09 


Capacitor Ceramic, O.lfi 


C-237-0.1 


C20 


Capacitor Ceramic, 33p 


K1500-0330 


C21 


Capacitor Ceramic, Oilu 


C-237-0.1 


C22 


CaDacitor Ceramic, 0.1^ 


C-237-0.1 


C.'23 


Capadior Ceramic, 33p 


K1500-0330 


C24 


Capacitor Cerarriic. 0.1a 


C-237-0.1 ! 


C25 


Capacitor Ceramic, O.lji 


C-237-0.1 


( '2f> 


C-tspacitor c^eraiTiic, O.lu 


C-237-0.1 


-t'22'7 


CaTOdtor Ceramic, 0.1^ 


C-B7-0.1 


C2S 


Copscitor Ceramic, O.lfi 


C-237-0.1 


c:.9 


Capadtor Ceramic, 0.1 m 


C-237-0.1 


(230 


Capacitor Ceramic, O.lu 


C-237-0.1 


C3'I 


Capacitor, Myler, 33n, 250V 


K1521-0330 


C32 


Capacitor Ceramic, 3.3p 


K1500-03R3 


C33 


Selected value ISp-'^p, Mica 




C34 


Capacitor, Mvler, lOn, 250V' 


K1S21-0103 


05 


Capacitor Ceramic, 33p 


K1500-0330 


C36 


Capacitor Ceramic, 0.1 m 


C-237-0.1 


C37 


Capacitor Ceramic, 0.1 m 


C-237-0.1 


C38 


Capacitor Ceramic. 0.1 m 


C-237-0.1 


C39 


Capacitor Ceramic, 33p 


K1500-0330 


C40 


Capadtor Ceramic, O.Im 


C-237-0,1 


C41 


Capacitor Ceramic, 0.1 m 


C-237-0,1 


C42 


Capacitor Ceramic, 33p 


K1500-0330 


C43 


Capadtor Ceramic, 0,1m 


C-237-0.1 


C44 


Capacitor Ceramic, 0.1 m 


C-237-0.1 


C45 


Capacitor Ceramic, 0.1 m 


C-237-0.1 


C'46 


Capadtor Ceramic, 0,1 m 


C-237-0.1 


C4.7 


Capadtor Ceramic, 0.1 m 


C-237-0,1 




RgPLACEAE 




ClfcuU 

Desig. 


Description 


Keithley 
Part Number 


C48 


Capacitor Ceramic. 0.1^ 


C-237-0.1 


C49 


Capacitor Ceramic, 0.1^ 


0237-0.1 


C50 


Capacitor Ceramic, O.l^i 


C-237-0.1 


C51 


Capacitor, Mica, 62p 


K151.0-0620 


C52 


Capacitor Ceramic, 0,'1/a 


C-:.37-0,l 


1 C53 


Capacitor Ceramic, O.l^i 


C-2.37-0.1 


: C54 


Capacitor Ceramic, O.I/a 


C-237-0.1 


! css 


Capacitor Ceramic, 0.}fi 


C-237-0.1. 


C56 


Capacitor Ceramic, O.lju 


C-237-0.1 


C57 


Capacitor Ceramic, O.l/i 


C-237-0,1 


C38 


Capacitor Ceramic, O.ljU 


C-237-0.1 


C59 


Capacitor Ceramic, (i.lfi 


C-237-0.1 


CM 


Capacitor Ceramic, 0,1^ 


C-2.37-0,1 


\ C61 


Capacitor Ceramic, Q.l,u 


C-237-0.1. 


! C62 


Capacitor, Mica, 47p 


Kt510-0470 


: C63 


Capacitor Ceramic, O.ljU, 


C-23'0,1 


; C64 


Capacitor Ceramic, 0.1/a 


C-237-0.1 


C65S-- ■ 


Capacitor Ceramic, O.lft 


C-,237'0.1 


C66 


Capacitor Ceramic, O.ln 


C-237-0.1 


C67 


Capacitor, Trim, 5=18p 


K1550-0'180 


C68 


Capacitor Ceramic, O.ljt 




C69 


Capacitor Ceramic, 0.1^ 


C-237-0.1 


C70 


Capacitor, Trim, 5*lSp 


K1550-0180 


CTi 


Capacitor Ceramic, O.lfi 


C-231^0.1 


C72 


Capacitor Ceramic, O.lfi 


C- 2.37- 0,1 


C73 


Capacitor Ceramic, O.lfx 


C-237-0.1 


C74 ■ 


Capacitor Ceramic, O.lji 


C-23A0.1 


C75 


Capacitor Ceramic, 0.1/a 


C-237-0.1 


C76 


Capacitor Ceramic, 0.1//. 


C-2.37-0.1 


C77 ' 


Capacitor Ceramic, 0. Ifx 


C-23%0.1 


C78 


Capacitor, Electrolytic, 470/a, 25'V 


K153-3-0477 


C79 


Capacitor, Ejectrolytic, 47Q/.i, 25V 


K15.33-0477 


C80 


Capacitor, Electrolytic, lOOu, 25V 


K1S3^-0107 


! C81 


Capacitor, Electrolytic, lOO/i, 25V 


K1533-G107 


i C82 


Capacitor, Electrolytic, lOOu, 16V 


K1532-0107 


I CSS 


Capacitor, Electrolytic, '10,000//, 16V 


K15-32-01()y 


' C84 


Capacitor, Electrolytic, 100/a, 16V 


K1532-0107 


1 C85 


Capacitor Ceramic, 0.1/t 


C-237..0.1 


C86 


Capacitor Ceramic, O.lfi 


C-237-0,1 


C87 


Capacitor Ceramic, 0.1/4 


C-237-0. 1 


C88 


Capacitor Ceramic, 0.1/i 


C-237-0, 1 


cm 


Capacitor. Mica, lOOp 


K1510-0101 


C90 


Capacitor Ceramic, 0.1/t 


C-237-0,1 


C91 


Capacitor Ceramic, 0.1/i 


C-237-0,1 


C92 


Capacitor Ceramic, 0.1/4 


C-237-0.1 


C93 


Capacitor Ceramic, 0.1/4 (mounted on rear panel) 


C-237-0. 1 


C94 


Capacitor Ceramic, 0.1/i (mounted on rear panel) 


C-237-0,1 

L 




:PLACEABU 



Tab! 



7^t. 




Cb'Oiit 


f 

Description 


Keithley 
?Mi Number 


C97 


Capacitor Ceramic, 0,1/i 


C-237-0.1 


C98 


Capacitor Ceramic, 0.1/t 


G237-0.1 


C99 


Capacitor Ceramic, Q.lfx 


C-237-0.1 


0.00 


Capacitor Ceramic, 0,1/i 


C-237-0,1 


ClO'i 


Capacitor Ceramic, O.ln 


C-237-0,1 


CR1 


1N751A 


K0300-2001 


CR2 


FADSi) 


KD3014000 


C)^ 


1.N750A ' 


KD300-2080 


CR4 


1N4151 


KD300-0046 


CR5 


BARIO 


KD3OO-1Q20 


CR6 


BARIC? 


WD300-102C 


CI^7 


mD-50 


K030MO0O 


CRS 


LM750A 


K0300-2080 


cr<9 


B.ARIO 


l<a)30-0-l020 


CRIO 


BARIO 


KD3004020 


am 


1N4151 


KD300-0040 


OAV. 


1N4151 


K0300-0040 


CR'iS 


1N4151 


K)300-(K)40 


(_ R14 


1N4151 


K0300-0040 


f'ii'iK 


1N4151 


KD300-0040 


K..l\ io 


BARIO 


K0300-102G 


(~'kV/ 


BARIO 


K0300-1020 


ans 


Vv04 


^.•K30-5010 


CR19 


KBL005 


K3300-5020 


CK20 


1N4151 


K0300'fX]40 




PAD50 


^3301-1000 


CR22 


PAD50 


K03GMOOO 


I'l 


Connector 34 pin 


CS-3S9^1 


]3 


Connector 14 pin 


CS-389-5 


14 


Connector !•* pin 


CS-389-5 


K1 


R.A3046 1051 


K0%'0-Q110 


K2 


RA3044 1051 


KD900-0100 


K3 


RA3046 1051 


KD900-0110 


K4 


RA3046 1051 


KD900-011D 


K5 


R,A3044 1051 


K0900A)100 


K6 


RA3046 1051 


K0900-0110 


L.i 


Beed 


K4200-0000 


L2 


Beed 


K4200-0000 


L3 


3.3«M, 1537 


KD600-0333 


U 


VH, 1537 • 


K0600-01G3 


L5 


1537 


KD600-0R15 



7-4 




Circuit 

De»ig. 


D«scription 


L6 


0,15fiF, 1537 


U 


Beed 


18 


Beed 


L9 


Beed 


LIO 


Beed 


U1 


Beed 


112 


Beed 


IB 


Beed 


LI, 4 


Beed 


L15 


330MH, 50MA. 1025-80 


j L16 


330MH, SOMA, 1025-80 


i Qi 


2N4403 


: Q2 


2N4403 


1 Q3 


2N4403 


Q4 


2N4403 


Q5 


2N4403 


Q6 ■ 


2N4403 


Q7 


2N4^5 


Q8 


2N4403 


Q9 


2N4403 


QIO 


2N4403 


Qll 


2N4403 


1 Q12 


2N4403 


QB 


2N4403 


Q14 


2N4403 


Q15 


2N4403 


Q16 


2N4401 


Q17 


2N4124 


Q18 


2N4124 


Q19 


2N4124 


Q20 


DN5566 


Q21 


8Fi' 90 


Q22 


BFV 90 


Q23 


2N4124 


Q24 


DN5566 


Q25 


BFY90 


Q26 


BFY 90 


Q27 


2M4124 


Q28 


2N3906 


Q29 


2K3906 


Q30 




Q31 


PN3640 


Q32 


PN3640 


Q33 


PN3640 


Q34 


PN3640 


Q35 


PN3640 



I Keithley 
1 Part Number 






KL40C-i'!(vri 






K0600<()R15 

K42(X]«(X100 

K4200-0000 

K4200-0000 

K4200-0000 

K420(W)000 

K420()-00fl0 

K420n-0000 

K4200-0000 

KO6GO-0333, 

K0600-0331. 

KC4O0-OliiO 

K04{Xl-m,^0 

K040C-!j1^0 

KC40C-r;1FO 

K0400*0180 

K0400-01H(.) 

K040ri-(n3C 

K040L.-' i^i 

K040r-' Hj 

K£j4u0’O ibO 

K04a0-Gl?:0 

KD400-0li:?0 
K0400-0'b0 
K0400-0l^'0 
BX:40r'-'.' 
HG040G-1 fGU 
K040i ;-i;( CO 
K040('-U' 



K040CHi;;70 

K0400-nc30 

'-KG400-4020 

K0400-U'!70 

K0400-(.j(.70 

K0400-0030 

IG-U 

TC:-84 

K0400-0010 

Ki.i40(.)-0010 

K04(30-0010 

K0400'001[} 

KG400-0010 





Circuit 

Desig, 


Desaiptxon 


Keithley 
Part Number 


Q36 


FN364G 


KD400-0010 


Q37 


PM3646 


KD400-0020 


Q38 


B¥Y 90 


KD400-0070 


Q39 


2M4126 


KD400-0040 


Q40 


MJE 2955 


KD400-4030 


Q41 


2N4124 


KD400-0030 


R 1 


Resistor,- Composition, 3,3k, 5%, 'AW 


R76B.3k 


R2 


Resistor, Composition, 220, 5%, 'AW 


R-76-220 


R3 


Resistor, Composition, 3.3k, 5%, 'AW 


R-76-3.3k 


R5 


Resistor. Composition, 100, 5%, 'AW 


R-76-100 


R 6 


Trim Pot 5k 


RP-97-Sk 


l?-7 


Resistor, MTF, 2.49k, 1%, 'AW 


K0104-2491 


1<8 


Resistor, MTE 10.0k, 1%, 'AW 


K0104-1002 ; 


R9 


Resistor, MTF, 10.0k, 1%, V^W 


K0104-1002 .! 


RIO 


Resistor, Composition, Ik. 53C ‘AW 


R-76-lk 


R'il. . 


Resistor. MTF, lO.Ok, 1%, 'AW 


KQ1044002 


K.12 


Resistor, MTR lO.Ok, 1%, 'A'W 


10104-1002 


K'B 


Resistor, Composition, Ik, 5%, 'AW 


R76-lk 


R14 


Resistor, MTF, 900.0k, 1%, 'AW 


101O1-9OO3A 


K15 


Resistor, MTR 100.0k, 1%, 'A W 


K0104-1003 


K16 


Resistor, Composition, 220k, 5%, 'AW 


KOlOl-0224 


Vi 

i\i/ 


Resistor Composition, 12k, 5%, RW 


R-76-12k 


R18 


Resistor, Composition, 10, 5%, 'AW' 


R-76-10 


k,i9 


Resistor. Composition, 33, 5%, 'AW 


R-76-33 


R20 


Selected value, 100:150:200, 1 %, HW 




R21 


Resistor, Composition, 820, 5%, 'AW 


R-7&-S20 


R22 


Selected value, 49.9:100:150, 1%, 'aW 




'*! ^ 


Resistor, Trim, 100 


RP-97-100 


R24 


Re.sistor Composition, 22. 5%, 'AW 


R-76-22 


R25 


Re.sistor, Composition, Ik, 5%, 'AW 


R-76*lk 


R26 


Resistor, rvfiT, 49,9, 1%, 'AW 


KD104-49R9 


R27 


Resistor MTF, 49.9, 1%, V 4 W 


K0104.49R9 


R2S 


Resistor Composition, 13k, 5%, 'AW 


R76-13R 


R29 


Resistor, Composition, 10k, 5%, 'AW 


R-76-lOk 


R30 


Resistor, Composition, 330, 5%, 'AW 


R-76-330 


R31 


Resistor, MTF. 178.0, 1%, 'AW 


KD1044780 


R32 


Resistor, MTF 178.0, 1%, 'AVA^ 


KD104-I780 


R33 


Resistor, Composition, 100, 5%, '4W 


R-76-100 


R34 


Resistor, Compo-sicion, 510, 5%, 'AW 


K'76-510 


R35 


Resistor, Composition, 510, 5A(>, 'AW 


R-76-510 


R36 


Re.sistor, Composition, 82, 5%, 'AW 


R-76-82 


iR37 


Resistor, Composition, 390, 5%, 'AW 


R-76-390 


R38 


Resistor, Composition, 510, 5%, 'AW 


R-76-510 


R39 


Resistor, Composition, 510, 5%, 'AW 


R-76-510 


1.^40 


Resistor, Composition, 510, 5%, 'AW 


R-76-510 





Circuit 

Desig. 


Description 


Keithley 
Part Number 


R41 


Resistor, MTF, 900.0k, 1%, ViW 


K01.01-9003A 


R.42 


Resistor, Composition, 100,0k, 1%, V4W 


K0104-1003 


R43 


Resistor, Composition, 220k, 5%, V 2 W 


KOlOl-0224 


R44 


Resistor, Composition, 12k, 5%, V 4 W 


R-76-12k , 


K45 


Resistor, Composition, 10, 5%, V&W 


R-7640 


R46 


Resistor, Composition, 33, 5%, V<iW 


Rv6~33 


R47 


Selected value, 100:150:200, 1%, V 4 W 




R48 


Resistor, Composition, 820, 5%, V 4 W 


.R*7(vB20 


R49 


Selected value, 49.9:100:150, 1%, V 4 W 




R50 


Trim Resistor, 100 


RP-mOQ 


R51 


Resistor, Composition, 22, 5%, ViW 


R-76-22 


R52 


Resistor, MTF, 178.0, 1%, V 4 W 


K0104-17S0 


R53 


Resistor, MTF, 49.9, 1%. V 4 W 


K0ia449R9 


R34 


Resistor, MTF, 49.9, 1%, V 4 W 


K0104-49R9 


R55 


Resistor, Composition, 13k, 5%, V 4 W 


K01(jO-0133 


R56 


Resistor, Composition, 10k, 5%, V^W 


R-76-lOk 


R57 


Resistor, Com.position, 330, 5%, V 4 VV 


R-76-330 


R5S 


Resistor, MTF, 1^.0, 1%, 


K0104-1780 


1 R59 


Resistor, Composition, 100, 5%, V 4 W 


R-76-100 


R60 


Resistor, Composition, 510, 5%, VUV 


R-76-91v’ 


' H6l 


Resistor, Composition, 510, 5%, ’4VV 


1476-510 


' R62 


Resistor, Composition, 390, 5%, VCW 


R-76-3% 


i R63 


Resistor, Composition, 82, 5%, V 4 W 


R'76-82 


^ R64 


Resistor, Composition, 510, 5%, lUV 


R-76-5'i0 


; R65 


Resistor, Composition, 510, 5%, V^W 


^ J 


i R66 


Resistor, Composition, 310, 5%, ‘4Vv' 


R-76-310 


i F-67 


Resistor, Composition, 510, 5%, V4Vv^ 


V T/a “** /*) 


i R68 


Resistor, Composition, 100, 5%, ViW 


K-76-100 


i R69 


Resistor Composition, 330, 5%, V 4 VV 


R-76-330 


R70 


Resistor, Composition, 510, 5%, V 4 W 


K'/h-^ hj 


R71 


Resistor, Composition, 510, 5%, V 4 W 


P-76-^li; 


R72 


Resistor, Composition, 510, 5%, VjW 


R'76'510 


R73 


Resistor, Composition, 510, 5%, VjVV 


R-76-510 


R74 


Resistor, Composition, 510, 5%, ViW 


1476*310 


R75 


Resistor, Composition, 510, 5%, V 4 W 


R-76-3i0 


R76 


Resistor, Composition, 510, 5%, V 4 W 


1476-510 




Resistor, Composition, 510, 5%, V 4 W 


R-76-310 


RTS 


Resistor, Compositior\, 68, 5%, ViW 


R-76-68 


Ry9 


Resistor, Composition, 220, 5%, V 4 W 


1476-220 


R80 


Resistor, Composition, 510, 5%, ViVJ 


R-76-.5U) 


R81 


Resistor, Composition, 510, 5%, V<W 


R-76-510 


R82 


Resistor, Composition, 510, 5%, V 4 W 


R-76-510 


R83 


Resistor, Composition, 33, 5%, V 4 W 


R-76-33 




Resistor, Composition, 47, 5%, V 4 VV 


K-76-47 


FS5 


Resistor, Composition, 220, 5%, V*W 


F476-220 


R86 


Resistor, Composition, Ik, 5%, V 4 W 


K-76-lk 


: R87 


Resistor, Composition, 510, 5%, V«W 


R-76-310 



■ Circuit 
Di>sig. 


Description 


Kieithley 

Number 


RS8 


Resistor, Composition, 33, 5%, ViW 


R-76-33 


:R89 


[Resistor, Composition, 330, 5%, V<iW 


R-76-330 


R90 


Resistor, Composition, 750, 5%, V<tW 


R-76-750 


R91 


R(?sistor, Composition, 560, 5%, V4W 


R-76-560 


R92 


Resistor, Composition, 510, 5%, V 4 W 


R-76-510 


J-<93 


Resistor, Composition, 47, 5%, V 4 W 


R-76-47 


i''94 


Resistor, Composition, 220, 5%, V 4 W 


R-76-220 


R95 


Resistor, Composition, Ik, 5%, V^W 


R-76-lk 


R96 


Resistor, Composition, SIO, 5%, VVW 


R-76-510 


R97 


Resistor, Composition, 150, 5%, V 4 W 


R-76-I50 


1^.98 


Resistor, Composition, 150, 5%, V*W 


R-76-L50 


R99 


Resistor, Composition, Ik, 5%, V 4 W 


R-76-lk 


r<-.lC!0 


Resistor, Composition, Ik, 5%, V 4 W 


R-76-lk 


RIOI 


Resistor, Composition, Ik, 5%, ViVV 


R-76-lk 


R102 


Resistor. Composition. Ik, 5%, V 4 VV 


R-76-lk 


R;i03 


Resistor, Composition, Ik, 5%, V 4 W 


R-76-lk 


R104 


Resistor, Composition, 22k, .5%, V^W 


R-76-22k 


R105 


Resistor, Composition. 22k, 5%, VvW 


R-76-22k 


r<ix36 


Resistor, Composition, Ik, 5%, VUV 


R-76-lk 


Rl/F 


Resistor, Composition, Ik, 5%, V 4 VV 


R-76-lk 


R i08 


Resistor. Composition. Ik, 5%, ‘4W 


R-76-lk 


R109 


Resistor, Composition, ik, 5%, V4VV 


R-76-1k 


RllO 


Resistor, Composition, 510, 5%, V«W 


R-76-510 


Rill 


Resistor, Composition, Ik, 5%, %W 


R-76-lk 


1 \ 


Resistor. Composition, Ik, 5%, kiW 


R-76-lk 


Rll?- 


Resistor, Composition, 6.8k, 5%, ’4W 


R-76-6.8k 


R114 


Resistor, Composition, 6.Sk, 5%, ‘4VV 


R-76-6.8k 


R115 


Resistor, Composition, 6.8k, 5%, ’4W 


R-76-6,8k 


Rllo 


Resistor, Composition, Ik, 5%, ViW 


R-76-lk 


k117 


Resistor, Composition, Ik, 5%, V 4 W 


R-76-lk 


R118 


Resistor, Composition, Ik, 5%, V 4 W 


R-76-lk 


R;ii9 


Resistor, Composition, ik, 5%, ViVv 


R^6-lk 1 


RJ20 


Resistor, Composition, 100, 5%, V 4 W 


R-76'100 




Resistor, Composition, 750, 5%, HW 


R-76-750 1 


R12.2 


Resistor, Composition, ICO, 5%, 'kSN 


R-76-100 1 


R123 


Resistor, Composition, 0,27, 5%, 2W 


K0103-OR27 


R;I24 


Resistor, Composition, Ik, 5%, ViW 


R-76-lk 


R1.25 


Resistor. Composition, 100, 5%, '4W 


R-76-100 


Ri::b 


Resistor, Composition, Ik, 5%, HW 


R-76-Ik 


R127 


Resistor, MTK 4.99k, 1%, ViW 


KD104-4991 


R1.2S 


Resistor, MTE 6.98k, 1%, V 4 W 


K0104-6981 


R.179 


Resistor, Composition, 510, 5%, HW 


R-76-510 


R130 ■ 


Resistor, Composition, 510, 5%, HW 


R-76-510 


R131 


Resistor, Composition, 3,3k, 5%, HW 


R-76-3.3k 


R132 


Resistor. Composition, 39, 5%, V 4 W 


R-76-39 


R133 


Resistor, Composition, 39, 5%, V 4 W 


R-76-39 


R134 


Resistor, Composition, 3.3k, 5%, V4W 


R-76-3.3k 




Circuit 

Desig. 


Description 


Keithiey i 

Part Number 

— .1 


R135 


Resistor, Composition, 150, 5%, V 4 W 


R-76-150 


R201 


Resistor, Composition, 510, 5%, V 4 W 


R-76-510 


R202 


Resistor, Composition, 510, 5%, V«W 


R-76-510 


RNl 


MDP 1603 27 


K01.094127Q 


RN2 


MDP 1603 Ik 


K0l09-m.02 ' 


RN3 


MDP 1603 Ik 


K01094}'j.02 


RN4 


MSP 08A01 103-G 10k 


K0110-0103B 


RN5 


MSP OaAOl 103-G 10k 


Kmi0-0103B 


RN6 


MSP (BMn 103-G 10k 


Kmi0-0103B 


SPl 


Beeper 


K0900-0190 


U1 


74LS138 


IC-162 


U2 


U04B 


K0500-1160 


U3 


74LSB8 


IC-J.8-: 


U4 


74LSB8 


IC-182 


U5 


8279 


KD5CG-207C 


U6 


8031 


K0500^2141 


1J7 


74LS^ 


lC-357 


U8 


74US138 


10182 


U9 


Eprom 2764 max 300rns 


LSI- 52 


UlO 


RAM 2114 




r r-iT 


RAM 2114 


LbI-15 


U12 


7061 


m55X'-mo 


UB 


7061 


I0)550-Q0iri 


U14 


74LSW 


IC-377 


U15 


74LS390 




U16 


74LS93 


10510-0240 


U17 


74LS00 


(C-167 


U18 


74LSOO 


!C*163 


U20 


8291 


KOr'UO~2130 


U21 


75160A 


1C-29B 


U22 


75161A 


lC-299 


U23 


74LS365 


K05'KR1355 


U24 


7406 


lC-o2 


U25 


4094B 


IC-251 

■ 


U26 


4094B 


IC7251 


U27 


AD7533 


K0560-0070 


U28 


4094B 


iC-2 


U29 


LM747EN 


K050!i-56J,0 


U30 


4094B 


10251 


U31 


AD7533 


K0.560-(X)70 


U32 


LM747EN 


K0500-5f2K) 


U33 


Ref 02 c 


KO 5 . 3 O-GO 1 O 


U34 


10216 


K0500-4110 


U35 


10107 


K0500-4095 


U36 


10216 


K0500-4;ll0 






Circuit 


• 

Description 


I^ithley 
Part Number 


U37 


10102 


K0500-4090 


U38 


10102 


KD5nO-4090 


U39 


10131 


KD500-4120 


U40 


10131 


KD500-4120 


U41 


10131 


K0500-4120 


U42 


;10102 


K0500-4090 


U43 


74.F00 


K0500*1190 


U44. 


74.F74 


K0500-1260 


U45 


74LS74 


IC-144 


U46 


74F74 


K0500-1260 


U47 


74LS74 . 


IC-144 


U48 


74LS93 


10)510-0240 


U49 


74LS37 


KD510-0520 


USD 


C.A3064 


KD500-5760 


US'], 


CA3102 


K0500-5770 


UB2 


7812 


KD500-5220 


U:'3 


7912 


K0500-5230 


U54 


13741 


WJ500-5600 


U200 


10102 


KD-500-4090 



I te m 


Description 


Qty 


Part No. 


’1 


hiDut circuit shield 


1 


K330G-10S0 


‘T. 


Ground dip 


3 


617-319 


3 


#4-40 X H LG. Phil. Pan Hd. SEMS (ground dips input circuit shield 


7 


4-40xV4 PPHSEM 




to mother board) 






4 


Heat sink 


1 


K3300-1070 


s 


#4-40 X Vi LG. Phil. Pan Hd. SCR. (transistor to heat sink, heat sink 


n 


4-40 xV4 PPH 




ro mother board) 






6 


#4-40 Kfipnut (heat sink to mother board) 


1 


4-40 KEFNIJT 


-7 

/ 


Card guide 


3 


K30GO'9000 




Connector Assy. (IEEE) (contains A and B) 


1 


KB200-0300 




A . connector and cable, 24 pin 


1 


K*200»0240 




B, !E£F: connector (shielded) 


i 


K3000-4030 


9 


Pushbutton (power) 


1 


29465-3 
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Figure 7-1. Mother Board, Cortipanfinl t,->cjtion Drawins 
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Figure 7-2. Mother Board (Input AmpSificri, Schctnalic Oiagiam (Slmei 3 of 6) 






Figure 7-3. Wioiher Board (10MHz to 100MHz MultipHer), Schomalic Diagrsir; (Sheet 5 of 6) 




ar OF AS ASSY iRgAR PANELS 








Figure 7-4. Display Keyboard and Control, Schematic Diagtcmt 




REPLACEABLE PARTS 



Lilt 



Item 


Description 


Qty 


Part No. I 




FRONT PANEL 




i 


1 


Front panel assembly (contains A thru C) 


1 






A. Front panel 


1 


775-301 




B. Window, display (red) 


1 


775-.304 




C. Shield, front panel 


1 


K4900-0040 


2 


Pushbutton, ^Local, Reset) 




228-317-4 


3 


Pushbutton, (Mode, Time, Period, Frea) 


8 


228-3T7'5 


4 


Pushbutton, (Chan A, Chan B, Chan (ii) 


B 


228-3T7-6 


5 


Front panel overlay 


1 


775-303 


6 


BNC 


3 


CS-249 


7 


#4-40 X V 4 LG. Phd, Pan Hd, Scr. (display board U? front panel) 


2 


4-40xU PPH 


S 


#4 Split Ring lockwasher (display hoard to front panel) 




4 SPLTRGLKWA 


9 


#6-32x®/,4 Phil. Pan Hd. Sems (front panel to bottom cover) 




6-32X-7,. PPHSEM 


10 


Lug, solder 


3 


LU-IOO 




BOTmM COVER 






1 


Bottom cover assembly (contains A thru F) 








A. Bottom cover 


1 


38544 . 3 <3 5 H ! 




B, Shield, bottom cover 


-t 


?t]7-.32'l 




C. Tilt bail 


1 


30544 




D. Insert, tilt bail 


1 


30587 




E. Drive pin (tilt bale to bottom cover) 


1 


FA-143-1 




F. Foot 


4 


FE-14 




Isolating collar 


6 


30545 


I 3 


#6-32x’/t LG. Phil, Pan Hd. Scr (collar to bottom cover) 


6 


6-32x'^, PPH 


j 


TOP COVER 






1 


Too cove assembly (contains A and B) 


1 







A. Top cover 


1 


30540 ; 




B, Shield, top cover 


1 


517-322 1 




REAR PANEL 




j 


1 


Rear panel assembly (contains A thru T) 


1 




i 


A. Rear panel 


•> 

i 


K4500-5130 


1 


6. »8'32xV4 LG. Phil. Pan Hd, Scr (rear panel to top and bottom cover) 


4 


8-32xVi PPH 


i 


C. Transformer (Tl) 


1 


K25')0-0380 




D, Transformer Ccrver (inside) 


n 

X 


K5000-0060 




E. Transformer Cover (outside) 


1 


K5000-0010 




F. #6-32xlVi LG- Slotted FiJister Hd, Scr. (transformer and cavers to rear 


4 


6-32X1V2 PHFIl.H • 




panel) 








G. #6-32 Nut (transformer and covers to rear panel) 


4 


(>.32 NUT 




H. #6-32 split ring lockwasher (transformer and covers to rear panel) 


4 


6-32 








SPLTRGLKWA 




]. Rubber grommet (to bottom of inside transformer cover) 


2 


K3900-1000 




K, BNC (]3, }4, J5, J6) 


4 


CS-249 







TR- '2.1 .9 /-{ 


















Ui r-j 



tern Description 

: M. Line filter (Jl) 

: N. Line selector (voltage) 

i O. H-40x‘/2 LG. Phil, Pan Hd. Scr, (line filter and line selector to rear panel) 
; P, #4'40 KEPNUT (line filter and line selector to rear panel) 
j Q. Fuse carrier, body 
: R, Fuse carrier 
5. Ground clip 

i T. ^*6-32 KKPNUT (ground clips and YE/GRN ground wire to rear panel) 

? Hardware kit (IEEE connector to rear pane!) 

I Fuse (0,3A/115V or 0,15A/230V) 

4 ; #4-40x'/ 4 LG. Rear I^n, Hd. Scr (MJE-2955T, transistor to rear panel) 

5 j #4-40 NUT (MJE-2955T, transistor to rear panel) 



Qty 



No, 

Tu-loo “ 

LF-2 

K2000-1020 
4-40xVj PPH 
4*40 KEPNUT 
FH-24 
FH-26 
617-319 

6-32 KEPNUT 
CS-378 
KllOO-lOlO or 
KllOO-1015 
4-40x>A PPH 
4-40 NLTr 



^'OSCELLANKOUi 



Line cord 



:o-7 





The following program sends a command stnng to the Model 775 from an IBM PC or XT computer 
and displays die instrument reading string on the CRT, The computer must be equipped with the Keithley 
Model 8573 IEEE-488 Interface and the DOS 2,00 operating system. Model 8^73 software must be in- 
stalled and configured as desaibed below, 



DIRECTIONS 

1. Set switches on the Model 775 to addressable mode, primary address 23. 

2 . With the power off, connect the Model 775 to the IEEE-488 interface installed in the IBM computer. 

3. Type in BASICA on the computer keyboard to get into the IBM interpretive BASIC language. 

4. Place the interface software disc in the default drive, type I.OAD"DECL", and press the return key, 

5. Add the lines below to lines 1-6 which are nov/ in memory, Modify the address in lines 1 and 2, 
as described in the Model 8573 Instruction Manual. 

6. Run the program and type in the desired command string, 

7. The mstrument reading string wdll then appear on the display, 

8. To exit the program, type in EXIT at the command prompt and press the return key. 



PROGRAM COMMENTS 



10 


CLS 




20 


NA$-"GPIBO"rCALL IBF!ND(N.4S,BRD0%) 


Look up the controller confieuration. 


30 


NA$=-^DE\15":CALL IBFIND(NA$,M775%) 


Look up the device configuration. 


40 


V%=23:CALL !BPAD(M775%,V%) 


Set 775 primary address to 23. 


50 


V%«1:CALL IBSRE(BRD0%,V%) 


Set remote enable true. 


60 


INPUT'COMMAND":CMDS 


Prompt for commend string. 


70 


IF CMDS-"EXIT" THEN BO 


See if progi.‘am is to be baited. 


80 


IF CMDS«" " THEN 60 


If null command string go back and get 
another. 


90 


CALL IBWIO'(M775%,CMD$) 


Address 775 to li.sten and send command 


100 


RDS=SPACES(25) 


Assign reading inrut buffer. 


no 


CALL IBRD(M775%,RD$) 


Address 775 to talk and input reading string. 


120 


RDS-LEFT$<RD$,r8CNT%) 


Trim string to proper size. 


130 


PRINT RDS 


Display the :reading on the CRT. 


140 


GOTO 60 


Repeat, 


ISO 


V%-0:CAU_ IBONL(BRDO%,V%) 


Close the controller file, 


160 


CALL IBONL(M775%,V%) 


Close the device file. 


170 


END 





NOTE: If the Model 775 does not have an input signal (i.e, the gate is not running), no valid read.i.ng 
is available to send over the bus. In this case, the IBRD statement, in line 110, will time out after approxi- 
mately 10 seconds. 



Accessories, 1-2 
Addends, 1-t 

A-ddres.sed Commands, 3-5, 3-6 
Analog Circuitry, 5-3, 5-12 
Applications, 2-14, 2-15 

Arming 

Continuous, 2-12 
External, 2-13 
Front Panel, 2-12 

Calibration, 6-4, 6-5, 6-6 
Cautions, 1-1 
Channel A 

Attenuator (AA), 3-17, 3-20 
Coupling (AC). 3-17, 3-19 
Filter (AF), 3-17, 3-20 
Slope (AS), 3-18, 3-20 
Trigger Level (AL), 3-lS, 3-19, 3-20 
Channel B 

Attenuator (BA), 3-17, 3-20 
Coupling (BC), 3-17, 3-19 
Filter (BF), 3-17, 3-20 
Slope (BS), 3-18, 3-20 
'Iri^er Level (3L), 3-18, 3-19, 3-20 
Channel C Option (7751), 1-2, 2-2, 24, 
4-2, 6-2 



Command Codes, 3 - 3 , 3 - 5 , 3-6 
Component Location Drawings, 7-1 
Connectors and Terminals Rear Pane; 

2- 3, 2-6 

Control Selection 
Delay 2-9 
Function, 2-8 
Gate Time, 2-8 
Input Condition, 2-11 
Measurement Rate, 240 
Number of Displayed Digits, 2-10 
Trigger Levels, 2-1.1 
User Gate, 2-9 
User Delay, 240 

Data Control (B), 349, 3-28, 3-29 
Default Conditions, 3-15 
Delay (I), 3-18, 3-23 
Delay Time (W), 3-18, 3-22, 3-23 
Devi've Clear (DCL), 345 
Device-Dependent Commands, 3-5, 

3- 6, 3-16,' 3-27 

Dlgitial Circuitry, 5-13, 5-14 
Disassembly, 6-7, 6-8 
Display and Indicators, 2-2, 2-6 



Displayed Digits (N), 3-lS, 3-23 
Display Fun^ion, 2-2, 2-5 
Display Mode (D), 3-18, 3-26, 3-27 
Display Modify Group, 2-2, 2-5 
Dump Mode, 3-31, 3-32, 3-33, 3-34 

EOI (K). 348, 3-23 
Execute (X), 3-17, 3-19 

Frequency C, 2-2, 24 
Front Panel, 2-2, 24, 2-5, 2-6 
Function (F), 3-17, 349 
Function Group, 2-2, 2-4 
Fuse, 2-3, 2-6, 6-1 

Gate Time (G), 348, 3-22 
General Information, 1-1. 

Glossary, 

Go To Local (GTL), 344 
Group Execute Trigger (GET), 3-15 

Handshake Sequence, 3-3 
Hardware Considerations, 3-6, 3-8, 3-9 




IEEE-488 

Address Commands, 3-5, 3-6 
Adress Switches, 2*6 
Bus '•Lines, 3-2, 3-3 
Description, 34 
IDDC, IDDCO, 3-25 
SRQ, 3-24 
Status Byte, 3-26 

niegiil Device-Dependent Command, 
3-34, 3-35 

Illegisi Device-Dependent Command 
Option, 3-34, 3-35 
input Setting Group, 2-2, 2-4 
Interface Gear (IFQ, 344 

Line Voltage Selection, 6-1 

Line Vbltage Selection Switch, 2-3, 2-6 

List of Iliustrations, 

List of Tables, 

I^cai Key 2-2, 2-5 
l,ocai Lockout (LLO), 3-14 

L'kiii^tenance, 64 

Model '6573 (Keithley) Interface, A4 
Operation, 24 



Performance Checks 
Arming, 4-3 
Channels A, B, C, 4-2 
Delay Operation, 4-3 
External Gate, 4-3 
Period Average, 4-2 
Period, 4-2 
Pulse A, 4-3 
IGXO Accuracy, 4-4 
Time Interval A-B, 4-2 
Performance Verification, 44 
Power On/Off, 2-2, 2-4 
Power Up Procedure, 2-6, 2-7 
Prefix (P), 3-31 
Primary Address, 340 

Rack Mount Kits, 1-2 
Rate (S), 34S, 3-21 
Rear Panel, 2-3, 2-6 
Recommended Calibration 
Equipment, 6°4 

Recommended Test Equipment, 6-' 
Remote Enable (REN), 3-13 
Replaceable Parts, 74 
Re.Wt Key, 2-2, 2-3 



Safety, Symbols and Terms, 1-1 
Selective Device Clear (SDC), 3-15 
Self Test Q), 3-19, 3-27 
Serial Polling, (SPE, SPD), 3-15 
Service Information, see N4aintenance 
Schematic Diagrams, 7-1 
Software Considerations, 3-10, 3-11, 
3-12 

Software Revision Level, 2*7 
Specifications, 

SRQ Mask (M), 3-13, 3-24, 3-25 
Static Sensitive Devices. 6-1 
Status Word (U), 3-19, 3-20, 3-29 
Swith Selection (lEEE-^), 2-3, 2-6 

Table of Contents, 1 
TrxO Option (7752), 1-2, 4-2, 6-3, 6-6 
Terminals (Front Panel), 2-2, 2-5 
Terminator (Y), 3-18, 3-30 
Theory of Operation. 54 
Trigger (T), 3-18, 3-23 
Troubleshooting, 6-9, 644 

Unaddressed Commands, 3-5 
UnOine CQmmands, 3-4 
Universal Commands, 3-4, 3-6 



Warning, 14 
Warranty, T1 






(Attach additionai sheets as necessan/.) 



block diagram of y 
on or noth Also 



dudsng aii instruments connected (whether pc 



Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.) 

What power line voltage is used? Variation? 

Frequency? Ambient Temperature? F . 

Variation? °F. Rel. Humidity? Other? 

Any additionai information* {If special modifications have been made by the user, please describe below,) 
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